el Pate cera) te Ola 
Denice pre 


are 
wet 
ree) 


Parent 4 c ao ae an yf POC 

" Preuss aCe Cru i 4 iy . rehearse sy }} grt i f Pata 

‘1 ny Nea iraeeata ieatalas se ie eH) ISDA Sy Sg aie rete ayy enh 
Nee 


roryet) mae ACN a ’ sy ay ve 
PRLOReR PEER aint hue mae A ee oe 
rH Bh i eh ieee 


he ei 
reer ete ey 
eeEvnry EP it Peo 


Peet rie eo 
APPLE eer] Ht ih 
A Bane POH i 

eer acral 


iJ 
a belt sits eed 
. H ary) 
Mlaingoce tea sent (4 a > pate) 
PW Pa" Ane bh; rrr) t Hy! spy) hd a 
Bea Arata get by) yt 


F oka He AG mr : ae NtaReair at ; iit i) 
Sta abbey bt rbaiy epee bey he Peony ae DRURY) 
Ma) ai Tn iat preeiey ey Be 0 Ouran ai 
yi Pe uit bape Cede a ivan ¥ 
sutashanestint aos aseeataea as tata 
aya aye t oye TP aie 
Wein he f err Poth re “4 ek 


4) Saari a. Neate xp EET 


ere 
Peace 


4 eet Pree iy : : ot, 
pay yt Mrs ¥ ae) eek oe ae a eh fis pkey rie r 
WO Maat iit cnn mUtTNeMM HHne Rta RAMEN K tia at 
, Niet Be Hy 4 preg vee te p id , . ay P 
ath see. See eth matapandego gegaiey esdaeeteaattie nu MectaM aga are ne 
TAs Le Thal Shbsheheasire ; " Hota at 
nee se i Pein) raat ; Ri seen 2 
a Ph 


Rieichto 


earner ” ore) 
SUN EEE Hohe) 
Falta! amr OK tte 


dee 


en 


peo 


Ses 
Sours 


‘ vay 
Eat Ye te i PRESS 
AA ae ” sitet 
aio SAAB an 


eee F 


i 


ne Sg 


Vit) 
a 
Latnnuilits 
p bE 
Ui 


aC 
basta aay in 
SANE MONT os 
 koyessieaa ees Yo bal i Miia 3 
TEAMED - eee 
APS AS Lee or y tad Petro ey 
A ite en 4 eee) ¥ 


“ Praciiatikie 
Ti eH tas 1 


ane 
ae 
EL HHO ta 


At oe Wks est} ei yin 

hy a he i Sa RC a 

mnie RNa od MaRS 53 eee the ert 
ialaaannyarte teat BALE AOMNOMER Nie stetney nat etc 
Phen bt a tas ae dn Ft ba 

as 


AN 


a 
ie Le i 


iol si 
RNeasy 
mie i ty 


“ 


¢} betaine e 


oN 
iy 


ct ty 


; : erent CH: et He reas re i be) atta Hs, 

Utitecasans She ; ist Chita A Riv) eet) 

Po scy ne . BA ad *) pe pant EV Atantt ee) 4 H nee ben eehee pnt eee Y 
4 : : s Ws a) Ata Dey SOK es Leta 


Aeeea aoe bt 
Bia eT A 
4h} telat peti dea) 
Minera stl att sith iH 
; ioe Wo SAH 5 

Ld Dy eet ah 3375 of uy 

meee shatet tang ee 

Ries han tsa 
DEAR eS Sasi es Dn EHS stead pti teict pelt 


Me rata te i seats beh is 


a i 

Cet ‘ ‘ f os t “ay err 

ROI Ea cat Mita act net pect | yt aha abi 
wth 1 "t ws PRACRSSRNWe aca hese bet) ei me eriat: 


Sie 
rr a 
arhett 





ti i ie 

















SMITHSONIAN 


MISCELLANEOUS COLLECTIONS. 


VOL, KOC WELT. 





wlINGTOSS 


<< EVERY MAN IS A VALUABLE MEMBER OF SOCIETY WHO BY HIS OBSERVATIONS, RESEARCHES 


AND EXPERIMENTS PROCURES KNOWLEDGE FOR MEN.?’—SMITHSON. 


WASHINGTON CITY: 
PUBLISHED BY THE SMITHSONIAN INSTITUTION. 
1898. 


F 





» 4-0 
38 


~,* ere’ ROT 
Shem a eria 
Die. OFF. 
¥ 


ADVERTISEMENT. 


The present series, entitled ‘‘ Smithsonian Miscellaneous Col- 
-lections,’’ is intended to embrace all the publications issued 
directly by the Smithsonian Institution in octavo form; those 
in quarto constituting the ‘‘Smithsonian Contributions to 
Knowledge.’ The quarto series includes memoirs, embracing 
the records of extended original investigations and researches, 
resulting in what are believed to be new truths, and constituting 
positive additions to the sum of human knowledge. The octavo 
series is designed to contain reports on the present state of our 
knowledge of particular branches of science; instructions for 
collecting and digesting facts and materials for research ; lists 
and synopses of species of the organic and inorganic world ; 
museum catalogues; reports of explorations; aids te biblio- 
graphical investigations, etc., generally prepared at the express 
request of the Institution, and at its expense. 

In the Smithsonian Contributions to Knowledge, as well as in 
the present series, each article is separately paged and indexed, 
and the actual date of its publication is that given on its special 
title-page, and not that of the volume in which it is placed. In 
many cases works have been published and largely distributed, 
years before their combination into volumes. 
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A PREFATORY NOTE. 


Doctor Giuseppe Sergi, professor of Anthropology in the 
Royal University of Rome, Italy, has made for himself a distin- 
guished position by the ardor with which he has pursued the 
branch of science which he represents and the numerous valuable 
contributions he has made to its literature. A brief sketch of his 
career will form an appropriate introduction to the summary of 
his doctrines of craniology which is here translated.’ 

Dr. Sergi was born in Messina, Sicily, in 1841. His academic 
education was received in the Universities of Messina and 
Bologna, where he devoted himself especially to the departments 
of comparative anatomy and the philology of the Indo-European 
languages. In 1880 he was appointed to the chair of Anthro- 
pology in the University of Bologna, and four years later to the 
same position in the Faculty of Sciences of the University of 
Rome. In this field he has shown much energy, having by his 
personal exertions founded there the Museum of Anthropology 
and the Laboratory for Experimental Psychology. His lectures 
are attended by a constantly increasing class, and on the organi- 
zation of the Society of Anthropology of Rome he was chosen 
as its first president, which position he still holds. He is also a 
regular, corresponding or honorary member of many learned 
societies in his own and other countries, among which may be 
mentioned in the United States the Anthropological Society of 
Washington, the American Philosophical Society, and the Numis- 
matic and Antiquarian Society of Philadelphia. 

His published works have been very numerous, beginning with 
“Principles of Psychology,” in two volumes, issued at Messina in 
1874, and of which a new edition is announced for this year (1894). 
These writings include a wide variety of subjects in physical and 
psychical anthropology and in education. Some are of a popular 
character, but the majority are strictly scientific and have been 


1Le Varieta Umane. Principi e methodo di classificazione. Di Giuseppe 
Sergi. Torino, 1893. 8vo, pp. 60. 
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issued by learned societies and journals. Of especial note have 
been his studies on the prehistoric peoples of the coasts of the 
Mediterranean; on the native tribes of Melanesia; on human 
degeneration and criminal anthropology; on the characteristics of 
the female sex; and, in American subjects, on the physical anthro- 
pology of the Fuegians, on skulls of the Omaguas, on ancient 
Peruvian skulls, and general considerations on American skulls. 
His attention has been fruitfully attracted to the pigmy races 
of Europe and to the varieties of the human species found in mod- 
ern and ancient Russia, especially to the remains exhumed from 
the “kourgans,” cr ancient sepulchral tumuli, which exist in 
various districts of that state. 
D. G. Brinton. 


ioe VARIETIES ‘OF THE, HUMAN. SPECIES. 


PRINCIPLES AND METHOD OF 
CLASSIFICATION. 


By GIUSEPPE SERGI. 


PART FIRST.—Basis of HuMAN CLASSIFICATION. 
I; 


In man, as in other animals, we find physical characteristics of 
two kinds, external and internal. The first are principally those 
pertaining to the cutis and certain cutaneous appendages, and 
include the coloring of the skin and hair, the structure and form 
of the hair, and also the coloring of the eyes. The chief internal 
characteristics are the bones from which the form and figure of all 
the members are taken, as well as those of the separate parts of the 
body clothed with soft tissues, such as muscles and fat. The 
cranium is the most important and most characteristic part of the 
entire human skeleton. 

The cranium is a bony case which encloses a viscus of the first 
order, the brain, which in man is, in relation to the animal series, 
better developed, both in its forms and functions. It is known 
that the brain and cranium, from the embryological to the adult 
state, are in a parallel manner and gradually connected in evolu- 
tion, and the external form of the one corresponds to that of 
the other. Most certainly it is not the cranium which gives form 
to the brain of man; it is more probable that it is the brain 
which moulds its organ of protection. Given hereditary condi- 
tions, we may affirm that the form of the cranium is correlative to 
that of the brain. If we could discover why the brain takes or 
has taken different forms we would possibly understand better its 
corespondence with the exterior structure of the cranium by which 
it is surrounded, though absolutely ignorant now. We might be 
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able to learn also what functional and especially what psychologi- 
cal characteristics are united to the cerebral forms which are 
revealed by cranial forms. All that is obscure for us, and also 
unexplored, because unsuspected; for in place of that, and in an 
inexact manner, the volume has been taken into account and 
therefore the weight of the brain, as being the only means of mak- 
ing an anthropological diagnosis of its functional value, the 
volume and weight corresponding to the capacity of the cranium. 

But besides the cranium commonly called cerebral, there is the 
face, which, from the morphologic point of view, is not less impor- 
tant. The face has generally given more positive means for dis- 
tinguishing human groups, not only on account of the coloring 
of the skin, but on account of the form and disposition of its parts, 
of the nose, of the cheeks, of the molar teeth, and on account of 
other characteristics which, when considered together, disclose 
differences not immediately revealed by the cerebral cranium. 

The other parts of the skeleton also have differences more or 
less profound in the different ethnic groups, the stature, the length 
of the extremities, both absolutely and relatively to the stature 
and to the trunk; the thoracic form; and so on. But such differ- 
ences seem little characteristic compared to those presented by the 
cranium and the face; until now, moreover, they have had but 
slight value, as should have those characteristics of classification 
which are merely secondary. 

We are ignorant what may have been the primitive type or the 
primitive human types, considered in all their internal and external 
characteristics; that is, what skeletal forms certain ethnic groups 
of differently colored skin possessed; or, on the other hand, what 
color of skin and hair belonged to certain skeletal forms. That 
difficulty is caused by a fact easy to understand, by the mingling 
of different types among each other, and by the hybrid forms 
from which man is derived. It is true, however, that certain 
hybrid results seem to be limited to certain regions and to a few 
human groups; and that, on account of this, the elements which 
have furnished such products may be learned up to a certain 
point; but in the beginning, at least, it will be necessary to learn 
the structures of the parts from which hybrids are derived. 

It is impossible not to admit human hybridism, since it is 
demonstrated clearly by all anthropologists; in this direction. 
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America alone shows us a perfect example of experimental anthro- 
pology. It is now determined from observations that human 
hybridism is multiform among all peoples; but what we learn 
from that example is the exchange of external characteristics and 
their mixture with those internal, that is, the union of the external 
characteristics of one ethnic type with the internal characteristics 
of another type. Thus, one may observe the color of the skin and 
hair with its special form united to characteristics of skeletons 
which do not generally belong to types of that color, and vice 
versa, ‘That may be observed concerning certain characteristics, 
and not of all; such as the stature, or the face, with its soft cover- 
ing, or the form of the cranium only. 

If we study our European populations which are called white, 
but which have many gradations of whiteness, we may note the 
great mixture of characteristics, a mixture which is changeable, 
from which results a great variety of forms of individual types, 
constituted of characteristics differing from each other. An 
analysis must be very accurate and very minute to discriminate 
these different elements which exist in the composition of the 
ethnic characteristics of individuals and peoples. These mixtures 
and these combinations of characteristics differ according to the 
character and number of elements existing in the various nations 
of the south, the center, or the north of Europe. They arise 
from different relations with mixed peoples. 

What is most important in this human hybridism, so various 
and so complex, is the lack of the blending of the external and 
internal characteristics from which new human varieties may be 
had. Among the different ethnic elements there exists only a 
relation of position, called syncretism, or propinquity of charac- 
teristics, and therefore a facility for forming small groups. Such 
a phenomenon has already been recognized in America, and it is 
evident in Europe among peoples who appear little homogeneous, 
if a careful observation separates the characteristics constituting 
ethnic types and those of individuals in a mixed population. 

If there were no other cause for such an absence of blending 
among the characteristics of human hybridism, this cause would 
exist, that the relations which produce the mixtures are not equal 
and constant, but are varied and inconstant. If there should be 
the union of two pure ethnic types only, for several generations, 
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we should be able to derive a hybrid product constant and fixed, 
as among animals and plants; but a third element, either pure or 
mixed, arrives in the second or third generation of man, and so on 
indefinitely. Thus it is easy to understand how unstable must be 
the characteristics of the hybrid, for they can scarcely survive in 
one individual for a generation. The hybrids which follow may 
have characteristics of different types, with the tendency each 
time to have these reappear by heredity, although not blended and 
not fixed in the individual. 

To this should be added another fact, that of individual variation, 
which is present in man, as in other animals, increased by his con- 
stant interminglings, which may be considered stimulants of this 
phenomenon, as has been suggested by Darwin and Wallace. 

Hence, I conclude from my observations, that human hybridism 
is a syncretism of characteristics belonging to many varieties, and 
that these do not modify the skeletal forms as do individual varia- 
tions, and that hybridism may affect different parts of the skeleton, 
constituting characteristics in themselves distinct. The stature, 
the thoracic form, the proportion of the long bones, may be united 
with external characteristics differing from each other, as well as 
from different cranial structures. The cranial form may be asso- 
ciated with different facial forms, and inversely. It happens, how- 
ever, that the structures taken separately remain in part unvaried 
in the hybrid constitution. The face preserves its own character- 
istics in spite of the union of different cranial forms; so also the 
cranium preserves its structures, associating them with different 
facial forms. The stature preserves its own proportions in spite 
of its association with different cranial and facial types, and in 
spite of the different coloration of the skin and the form and color 
of the hair. All this may be affirmed, particularly of much larger 
human groups which, according to external characteristics, may 
be considered much nearer than they really are in geographical 
position, as the so-called white races in Europe, the negroes in 
Africa, in Melanesia, and so on. 

Now, granting that all peoples exhibit the characteristics of 
hybridism in the manner just described, it will be necessary to 
learn how races, groups and human families may be classified. 
Let us observe for a moment the classification by means of exter- 
nal characteristics, most common among anthropologists from 
Linnaeus to Quatrefages and Flower, and we shall see: 
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' 1). That the color of the human skin in one great group ofa 
type, such as yellow, black, or white, is of different gradations and 
not uniform. 

2). Since, as above stated, all peoples, at least in a great measure, 
are composed of hybrid elements, it happens that different ele- 
ments are united under one category, which is, in this instance, 
the color of the skin. 

3). We must not forget that the external characteristics are more 
easily lost, and much easier to acquire, by intermixture and 
heredity. 

A curious example of what I state is found in human classifica- 
tion according to Quatrefages, which perhaps is now the most 
complete, considered only as a classification by external character- 
istics. He places the Abyssinians within the white race notwith- 
standing that they have the negro coloring, and he does so 
because he believes that the characteristic form of the skeleton or 
internal characteristics of the Abyssinians are those of the white 
race. This is without doubt inconsistent when the principle of 
classification by color is accepted. This inconsistency itself shows 
the defect of the method and of the principles mentioned as 
applied to human characteristics and their combination. 

4). Finally, as we perceive, the theory is not justified that man 
be classified as a single species with three, five or more variations. 

If the characteristics which present greater stability are internal 
or skeletal, they should serve for human classification: 

Ist. Because, notwithstanding amalgamation and consequent 
hybridism, the characteristics originating in the skeleton are per- 
sistent. 

2d. Because they may be taken as fixed points with which other 
characteristics may be associated, and may be also external, as I 
shall demonstrate. 

3d. Because, finally, the internal characteristics can demonstrate 
the full number of divisions and subdivisions in classifying ethnic 
groups, and in analyzing peoples which are a combination of a 
great number of hybrids. 

It remains to determine which internal characteristics should 
have the preference in deciding the value of types for classifica- 
tion. If we consider the human skeleton, with that object in view, 
we find three parts which may serve for that purpose, the cerebral 
cranium, the face, and the stature, with the long bones. 
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Stature.—The stature is a good, but an insufficient characteristic, 
because it gives only linear differences, and in its value resembles 
greatly other external characteristics, and is associated with all the 
most dissimilar derived from the skeleton. 

Frace.—The face offers very important characteristics for classi- 
fication, because it shows typical differences in the ethnic groups. 
The face has given more points for the distinction of human types 
than the other parts of the human body, and would appear better 
adapted for that purpose than the cerebral cranium. But the face 
is more disposed to individual variations than any other part, 
because it is very complex, being composed of numerous small 
bones, clothed with muscles which have continuous and important 
functions relating to the physiognomy, to the expression of psychi- 
cal conditions, and to the nutritive functions. These facts render 
its typical form less constant, and are, or may be, the cause of a 
multiplication of types. 

Cranium.—The cerebral cranium is itself also liable to varia- 
tions. More than any other organ, it exhibits a phenomenon 
often observed and clearly deinonstrated by me, that is, the per-., 
sistence of forms from immemorial epochs, and their reproduction 
through numerous generations notwithstanding amalgamation 
with other types. I have demonstrated such a persistence of 
cranial forms in the varieties of the Mediterranean from the Neo- 
lithic and from the most ancient Egyptian epochs; other anthro- 
pologists have recognized such persistence in European types of 
the Quaternary epoch, and in others, very ancient, from America. 
This cannot be said of the structure of the face. 

Therefore if the human cranium is accepted as the basis for the 
classification of human groups, positive results may be had: 

Ist. In groups which have been subjected to mixture in what- 
ever epoch or however many times, the distinctive ethnic elements 
may be discerned by examining the cerebral cranium only, which, 
remaining unaltered in type, may be found united by hybridism 
with other internal and external characteristics. For the cranium 
is the point about which revolve all other variations of form, either 
in hybridism or in the human form itself. 

2d. Knowing the cranial types of a people who seem more or 
less homogeneous, we are sure of learning of what and how many 
ethnic elements it is composed, notwithstanding the hybridism 
present. 
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3d. Having classified all the cranial types in different regions 
and among different peoples, we may learn by their geographical 
distribution the numerical extension of types and also their 
geographical origin; that is, the place of departure and the course 
of emigration and dispersion of such forms. 

4th. Then it will be easy to learn what cranial characteristics 
are found among populations which already have ethnic names, 
ancient and modern, and to discover among them points of simi- 
larity and difference. 

Being, therefore, obliged on acount of universal human hybrid- 
ism to select as a guide to classification the most important and 
the most useful of the internal characteristics, we find greater 
advantages in choosing the human cranium, about which all the 
other characteristics, internal and external, are grouped. If we 
select one characteristic, or a number of variable characteristics, 
we shall find ourselves in the same position as other anthropolo- 
gists who classify by external or accessory traits. It follows that 
accepting the cranium as the principal internal characteristic, we 
impliedly accept the brain in its various forms, and the brain is the 
most important of human organs. 


ED 


The classification of man by means of the cranium alone is by no 
means new. It will be well to consider these schemes, from that 
of Retzius down to the last, that of Kollmann. Nor, indeed, is 
the conception of the importance and superiority of the cranium 
for distinguishing ethnic groups by any means recent. To show 
that, we have but to refer to the enormous work which has been 
done, from Morton to Davis and Thurman, from Broca to G. 
Retzius, to De Quatrefages, to von Holder, to Ecker, to His and 
Rutimeyer, to Virchow, to Ranke, to others still more numerous, 
in Italy, from Nicolucci to Mantegazza. 

Notwithstanding so much labor expended on the human cra- 
nium, satisfactory results were not reached, nor, indeed, I may 
affirm, have we yet reached them, at least not in the signification 
which I intend these results to have. The fault lies in the nature 
of the method of studying the human cranium and in the value 
attributed to craniometry. 
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The classification of Retzius is based upon a single characteristic 
of the cranium, which, however, is merely the numerical expres- 
sion of the xorma verticals of Blumenbach, that is, the cephalic 
index. 

According to Retzius we have only two forms of crania, the long 
and short; though, in fact, many forms of short and long crania 
are found differing very much from each other. 

When craniometry was developed in a systematic manner, fol- 
lowing principally the work of Broca, it appeared the key of 
anthropology, and took the first place among means of investi- 
gations, as being the most effectual method for distinguishing 
human races. The French exaggerated its value; the Italians 
followed with zeal, in spite of the skepticism of Mantegazza, the 
head of the Florentine school of anthropology; the Germans 
have been more rational, and with them the Swiss, represented by 
His and Rutimeyer. At the head of them I would place Blumen- 
bach, who based his small but valuable book upon a rational foun- 
dation. The Germans try to establish cranial type almost or 
entirely independent of the cephalic index; as one may see from 
the works of von Holder, of Ecker, of His and Rutimeyer, of 
Virchow, of Kollmann, of Ranke and others. In my opinion the 
German method is an approximation to the truth, but unfortunately 
the conception of type is undeveloped and, I should say, has 
remained rudimental, because craniometry, like a pernicious weed 
among the grain, injures the harvest. Virchow, the most pro- 
nounced scholar in anthropology, and the man who has studied 
more than all others the crania of all peoples, believes that the 
germ of a sound anthropology should develop from it. He con- 
cedes only a secondary value to craniometry; but, nevertheless, in 
his last work, precisely when he distinguishes types, attempting 
to establish them definitely, he determines them by craniometry 
alone. In fact, in his great work, Crania Ethnica Americana, 
he defines types in this manner: “ Die Form ist long, schmal und 
relativ hoch,” or, “Die Form des Schadels ist hypsi-brachycephal,” 
and gives the index and the measures. Now the reader who will 
observe that the Araucanians, the Pampeans, the Chilians of 
Huanilla and of Copiapo, and the Peruvians of Iquique, have the 





1 De generis humani varietate nativa. Wlaedit. Gdttingen, 1795. 
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hypsi-brachycephalic form of cranium, will not understand why the 
illustrious author constitutes of them different types, defining 
them always with the often-repeated proposition, “ Die Form des 
Schadels ist hypsi-brachycephal.” That the forms of such crania 
differ is evident from the fine lithographs, and not from the 
description, much less from the definition. Why has the cele- 
brated anthropologist stopped on the way and has not developed 
the idea already promulgated by him and by his compatriots? 
I find in the Crania Helvetica and in the Crania Germanica of von 
Holder and of Ecker that the conception of type is more evident 
and has also a nomenclature, which is the only means of distin- 
guishing typical forms. 

According to my observations upon craniometry, which has now 
become cabalistic, especially in France, on account of the abuse 
of measures and numerical ciphers, the indices of the cranium and 
face are taken as a means of distinguishing races, human groups, 
as we might call them, and other measures are either omitted or 
applied only to individuals. In order to be convinced we should 
carefully and conscientiously study the craniometrical works of 
Dr. Danielli, of Florence, upon the Nias and Bengalese. The 
author has not been able to find satisfactory results after persever- 
ing researches, but whoever would seek evidence of individual 
variations will find more than enough. It seems to me, therefore, 
that the method by measurement may serve this purpose, that is, 
to discover numerically individual differences, but never those 
typical of a race. But such a discovery is useless, since we are all 
convinced of the existence of individual differences. I will there- 
fore add that such differences, to be valuable, must be sought, not 
among forms differing from each other, but among individuals of 
the same type. That implies, therefore, necessarily and always, 
the search for types and their distinction, which is not possible by 
means of the craniometrical method. 

Craniometry considers two forms, with a third of transition: the 
cranium long, and relatively narrow; the cranium wide, and rela- 
tively short, that is, dolicho- and brachycephalic, the form between 
which is mesocephalic. These forms, as I have said, are expres- 
sions of the normal line of Blumenbach, but imperfect, inexact 
and insufficient, as a brief demonstration will show. 


16 THE VARIETIES OF THE HUMAN SPECIES. 


A 


% 


~ 


~ 


. 





SC: eS amore uly 
yr YQ 


A 
Fic. 1. 


Let AA’ be the antero-posterior diameter of a cranium, BB’ 
the greatest transverse; it is evident that, given the norma verti- 
calis with such diameters and with the greatest transverse at the 
conjunction of the line BB’, this norma verticalis takes a particu- 
lar form on account of the curves which surround the two diame- 
ters. This line or curve, which surrounds them, is called X. If 
the greatest transverse is placed back and is made to coincide with 
the line CC’, the curve will be modified and will no longer be X 
but Y. That will be equally true if the transverse diameter is 
placed still further back at DD’, EE, FF’; then we shall have a 
third curve Z, a fourth, a fifth, ~, that is, we shall have as many 
different vertical curves on account of the changing of the diame- 
ter of the width, as the index causes ; that is, the relation between 
the length and the width will be the same. 

From this it may be judged how much more will the norma 
verticalis vary if the form of the curve circumscribing the two 
diameters be modified in other ways, that is, by the frontal width, 
by the occipital form, and so on. If we also add the lateral curves, 
those posterior and anterior, which serve to show the form of this 
irregular body, we shall easily be convinced that the cephalic and 
vertical index cannot give the cranial form. That is why I have 
above stated that the expression of Virchow, “The form of the 
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cranium is hypsi-brachycephalic,” is insufficient to define the 
form. While cranial types so defined have equal indices, their 
curves differ in degree, and therefore the skull may or not be 
hypsi-brachycephalic. It is just as if we attempt to calculate the 
size of an ellipsis by means of the relation of its two axes. Two 
ellipses equal in this relation may be unequal in size, and this is 
why these two relations cannot be compared. It is the same in 
regard to the cephalic and vertical indices of the cranium. 

If it were true and there were no doubt respecting the value of 
the celebrated cephalic index in determining cranial forms, .it 
would follow that all human crania of whatever type and volume 
should be placed in the three categories of dolicho-, meso-, and 
brachycephalic, or of hypsi-, ortho-, and chamaecephalic. Thus 
all the populations of the earth, either of white, yellow, black or 
red skin, would have crania belonging to the three categories. A 
classification solely according to the cephalic index is therefore an 
absurdity. It is incoherent and without meaning, as are those of 
Retzius and Kollmann. 

This conclusion is so true that such anthropologists are obliged 
to add descriptions to the forms of each part of the cranium, in 
order to distinguish it, recognizing the insufficiency of cranial 
data. Such descriptions can, to a certain degree only, supply the 
defect of the method, but they always remain incomplete, and 
leave the forms or types of the human cranium of various popu- 
lations and regions indefinite. The French school has gone still 
farther and has supplied the deficiency with an infinite number 
of measurements, which only increase the obscurity, leaving the 
conception of the form more uncertain, and fatiguing the most 
patient student, who becomes convinced of never reaching any 
satisfactory result from such a confused accumulation of numbers. 

In order to render classification more definite, or for the sake 
of finding a second characteristic which might be associated with 
the cephalic index, Retzius turned his attention to the prognath- 
ism and the orthognathism of the molar teeth; Kollmann to the 
facial index. Use could be made of the nasal index instead of the 
facial, or the orbital index, or any isolated characteristic, and we 
should have the same results. The combinations given by Ret- 
zius and Kollmann are possible, but cannot indicate races or varie- 
ties, from the fact that they are hybrid associations. 
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I need not make a longer demonstration of what I have affirmed, 
that classifications of human groups have been attempted by 
means of the cerebral cranium, but have not been successful on 
account of deficiency of method; and that the craniometrical 
method, still so undeveloped, has not yet, nor cannot, give those 
results while there is an exaggeration of an exact principle, that of 
expressing numerically facts relating to the cranium. It seems to 
me, after several years of study, and after having adopted the 
accepted form of craniometry, for want of a better, that it is time 
to-establish for our use and for the study of the variations of man, 
a natural method, resembling that which is used in zoology and 
botany, and of which I laid the foundation about two years ago. 


ay: 


The human cranium presents two kinds of variations: the first 
are those which change their general form and present types differ- 
ing from each other; the second are those which do not change 
their typical form. The first have stable characteristics, therefore 
hereditary, and which passing through many generations remain 
unaltered and persistent; the second are the variations of the indi- 
viduals of a type, and, of course, being transitory, do not in any 
way alter the typical forms; they are the so-called “individual ” 
variations. 

There is no need of recapitulating the facts which relate to varia- 
tions in the human cranium, nor of seeking their causes, since the 
investigations of Darwin, Wallace and others concerning the 
variability of organisms, well known to all students of biology. 
I would simply state that the various phenomena of variation are 
repeated in man, and, for the case in point, in the human cranium. 

The relation which exists between the two kinds of variations 
is close, and it is possible to admit that individual variations have 
given origin to permanent variations, just as it is easy to accept the 
idea that the process of variation in animals and in man in the 
cranium and the brain is continuous and constant. However 
that may be, an observer accustomed to large and small series of 
human heads perceives immediately that such series may be 
divided into groups, different and distinct, according to the form 
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of the cranium itself, and that some difference, often difficult to 
describe or, explain, exists among the elements of the groups; 
and this difference is derived precisely from the individual varia- 
tions of the groups themselves. While the character of individual 
variations is transitory, the character of those which give typical 
forms is permanent; their persistence consists in being hereditary 
and numerous in each generation. 

We know that the so-called “species” of the animal kingdom 
have forms derived from some variations of characteristics, and 
that they are such because the variations from the mother-species 
are permanent and become transmitted by heredity. These 
forms may be called “ varieties ” of the “ species,” or races, accord- 
ing to some, or subspecies, according to others. We will call 
them “ varieties,’ because the name indicates their immediate 
origin. According to Darwin, a variety is a species in the process 
of formation, because it still bears many characteristics of the 
species from which it is derived, and cannot become an inde- 
pendent form, like the species itself, until it acquires still more 
diverging characteristics. 

If we apply this principle to the human cranium, we should 
first learn if man comprises a single species, as many anthropo- 
logists believe, or has many species. In the first case, the typical 
variations of the cranium would certainly be varieties; if, however, 
there are several human species, the problem becomes more com- 
plicated. In that case the varieties might be of one species, and 
a primitive type be found to which it is allied. But if of such 
primitive types there were several, these would form several 
species which should be grouped under one genus. 

I cannot venture the solution of the general question regarding 
the unity or plurality of the human species, considering the actual 
state of my personal observations, limited to Southern Europe, 
especially the Mediterranean, to Oriental Europe, and to the 
Kourgans of Russia. I should examine Asia, Africa, Oceanica, 
America, Central and Northern Europe, before being able to give 
an opinion on sucha problem. I will call therefore varieties only, 
human varieties, the typical forms of the cranium which are 
clearly distinguished from each other by their own and diverging 
characteristics, while I will suppose that such varieties may con- 
verge in different species, of which I cannot now give the type 
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nor characteristics. Meanwhile it is useful to know and describe 
the “ varieties ” under this name, with the purpose of learning their 
distribution in the various regions of the earth. 

With the present uncertainty about human varieties, I could 
have no intention of publishing a work which would treat of gen- 
eral theories, nor would I have thought of the present pamphlet 
had not necessity demanded it. This essay is only designed to give 
direction to the method of research, because many students have 
requested it, and in order to place before the public ideas and 
facts which others either misunderstand or condemn without 
knowing them. 

Calling the typical forms of the cranium “ varieties,” we have 
the advantage of finding the differences or individual variations 
of the same type, and also certain differences which cannot be 
reduced to individual variations, but which are equally repeated 
as diverging characteristics of the same variety: these constitute 
subordinate groups or “subvarieties.” The “ subvariety” there- 
fore diverges from the “ variety ” by a new characteristic which it 
retains in a persistent manner. We have an easy means of recog- 
nizing varieties and subvarieties, and of distinguishing them 
from individual variations. The latter are not repeated, or if there 
is repetition it is accidental; varieties are repeated by groups 
more or less large, which, in addition, have individual variations; 
the subvarieties also repeat in lesser groups that characteristic or 
those characteristics of the variety from which they are derived. 

One of the difficulties of craniologists is how to find the limits 
of individual variations, how to distinguish them from typical 
forms, or to admit that all cranial variations may be individual, 
especially if one population is studied without reflecting that any 
population is invariably a composition of many varieties, notwith- 
standing the misleading appearance of the external form and the 
exterior characteristics. We can clearly and easily distinguish by 
my methed the individual variations from the true and constant 
varieties and from the subvarieties, and we can make a complete 
analysis of populations, as I have had numerous occasions to 
demonstrate. 

Another prejudice of anthropologists is that human varieties, 
determined by my method, may be too numerous. The scientist 
cannot, indeed, free himself of certain sentiments which are 
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acquired in following scientific habits and which have become a 
part of science and public opinion, because in face of the danger 
of seeing human varieties doubled or decupled, he feels an aver- 
sion, like an instinct of preservation for that which is established 
and which has become the belief of most scientists and cultivated 
men. The human races until now have been either three, four or 
five, but never six; the first time it is affirmed that they may be 
twenty, opposition is inevitable; it is the mzzsoneism of Lombroso, 
the inertia of the mind, which opposes such resistance, just as 
matter is opposed to every change in the direction of its forces. 
Treating of man, into which we ourselves enter with our senti- 
ments, the opposition is greater, even in spite of good intentions. 
Notwithstanding this psychological phenomenon which influences 
us all, the force of facts is superior to every inertia and sooner or 
later will conquer. 

With the observations and the methods which I propose, I 
believe that many errors will be eliminated from anthropology. 
Those errors have been accepted because we have never pos- 
sessed natural scientific methods for the study of human classifi- 
cation, such as we have in zoology. To apply zoological methods 
to man appeared to lower him to his congenerous beings; and, 
while in zoology, science advances freely, in anthropology, on the 
other hand, preoccupations embarrass researches. I observe that 
such preoccupations do not exist in two very eminent anthro- 
pologists, although the contrary at first appears evident in one of 
them—Blumenbach and De Quatrefages—at least a century apart. 
Blumenbach, in a valuable little book, attempts to apply the 
zoological method to man, not only for classification, but for the 
explanation of the causes of animal and human varieties. De 
Quatrefages, in his last work, employs the same method and the 
same scientific freedom. Unfortunately the followers or succes- 
sors of both have only followed their masters in form, but not in 
method. Blumenbach, who, after various researches, reduces the 
human species to five varieties, finds, however, that human varia- 
tions are infinite in number. If his method had been followed 
strictly, the number of human varieties would long ago have been 
increased, both in respect to the structure and the cranial forms. 

The neglect of such methods and the failure to distinguish 
human varieties by means of the cranium has caused a curious 
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error, that of regarding certain forms which are typically normal, 
as pathological, as I shall have occasion to demonstrate in the 
future when I speak of classified forms. This is apt to happen 
when new and unrecognized forms are placed before the observer. 

One of the important characteristics in classifying the cranial 
varieties of man is the cranzal capacity, which has a direct relation 
to the volume and weight of the brain; hence classification by 
crania means the classification of brains estimated by their form 
and external configuration. Its importance is for us increased by 
the fact that that which we find among races of animals occurs 
also in man; that there are races of small and large animals, races 
differing in size. This is also repeated in man, and we therefore 
have large, medium and small varieties, as measured by stature. 
The origin of such varieties is perfectly analogous to that in other 
animals. Nor is it an accidental phenomenon, because it is con- 
firmed by heredity, through numerous and indefinite generations. 

I have concluded, in studying cranial varieties morphologically 
as human varieties, that is, by their characteristic structures, that 
the volume has a direct relation to the form, that is, many forms 
have limited and definite capacities, while other forms have sub- 
varieties differing in capacity. Such varieties are analogous to 
the stature of the large and small varieties of animals. The 
cranial capacity, therefore, while it is one of the integral character- 
istics of the cranium in regard to its classification, is also the indi- 
cation of different varieties according to size. I discovered this 
fact when I classified for the first time the crania of Melanesia, and 
subsequently I defined it more accurately when I examined and 
classified thousands of other human crania. 

This fact points to a correction of the value’ of cranial capacity 
and therefore of the weight of the brain, until now calculated by 
the average without distinction among different varieties. The 
cranial capacity of man varies from 1000 cc. to about 2000 ce. in 
the masculine sex; this enormous difference is admitted as indi- 
vidual variation, and it is thus conceded that there may be a least 
limit of normality possible which can be ascribed to the function of 
the brain, crania which descend to 1150 cc. being considered as 
pathological microcephali, according to Broca,and more or less 
according to other anthropologists; giving, on the other hand, a 
great value to a large capacity. Both conclusions are contrary to 
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the real significance of the facts. [I have found normal masculine 
capacities of 1000 cc. and a little greater, representing small human 
varieties, not being sporadic and individual phenomena; and, on 
the other hand, anthropologists have registered for eminent men 
like Dante, Gauss and others, very mediocre capacities, even very 
low, while for ordinary men they have recorded a much higher 
capacity. I have found’ in ‘Melanesia normally constituted heads 
absolutely microcephalic, together with megalocephalic heads, 
belonging to varieties which have the same social value; they are 
both inferior, some anthropophagous, and live mixed together as 
one people. That which I have asserted concerning Melanesia 
may be said of the ancient and modern populations of the Medi- 
terranean, among which are the Sicilians, the Sardinians, and the 
inhabitants of Central and Southern Italy; and I do not believe it 
can be said that there are no signs of human superiority in those 
regions. ‘There are not, therefore, individual differences so great 
as from 1000 to 1500 cc., and from 1500 to 2000 cc., but character- 
istic differences of variety in human forms. The general average 
I therefore maintain is inexact and still further arbitrary, because 
it is the average of incommensurate quantities. The exact 
average is that between individuals of the same variety, and the 
difference is the true individual variation. 

But there is another error to correct due to the signification 
which I am able to give to varieties distinguished by means of my 
method. It is considered by some a demoristrated fact that the 
cranial capacity has been increased in the course of social evolu- 
tion from prehistoric epochs to historic times. Eminent men have 
affirmed it, but I have already placed their conclusions in doubt, 
because the facts do not appear to me evident and affirmative. I 
wrote some years ago:' “ The most important physical evolution 
of man would be that which related to the organ of the mental 
functions, the brain. But the facts are still very doubtful and very 
obscure which relate to the weight and volume of the brain, and 
consequently to the cranial capacity. In a recent work of Pro- 
fessor Schmidt I find that the cranial capacity of the ancient pure 
Egyptians is 1394 cc. in the masculine and 1257 in the feminine 
sex; in the pure modern Egyptians it is 1421 in the males, 1206 in 


1 Human Evolution. Review of Scientific Philosophy, 1888, Milan. 


24 THE VARIETIES OF THE HUMAN SPECIES. 


the females. According to these figures there would be an 
increase of the cranial capacity of the modern over the ancient 
males, but a decrease in the females. The reverse would be true 
of the Egypto-Nubian cranium, which is 1335 in the modern 
males and 1205.8 in the females. Broca found that the Egyptians 
of the IV. Dynasty had, males 1534, females 1397 cc.; those of the 
XI., males 1443, females 1328; and, finally, those of the X XIII, 
the most recent, males 1464, females 1322. There would be in 
such a case no increase, but decrease, but that is not possible; the 
cause of these facts lies in the mixtures of races at different times 
and in different proportions.” 

Now I conclude from my recent studies upon the Egyptians of 
different dynasties, from the most ancient to the present, that 
according to my method of classification there are capacities of 
1260 cc., of 1390, of 1480, of 1550, of 1710, and still other capa- 
cities differing according to the varieties determined.’ As is 
easily understood, a general average necessarily alters the facts, 
according to the number of varieties which enter as components 
of the average in the different series in anthropological museums; 
hence the curious results above indicated. 

Another important point is as follows: 

“But the fact which surprises us is the high figure of the capa- 
city given by prehistoric crania. The masculine crania of Lozére 
have given 1606 cc., the feminine 1507; also of Lozere, masculine 
1578, feminine 1473; crania from the pzetra levigata, masculine 
1531, feminine 1320; the contemporaneous Parisians, masculine 
1559, feminine 1337. The approximate average of crania from 
the pietra levigata is 1560, equal to that of modern Europeans, as 
is related by Topinard.”” 

In another of my recent works I have demonstrated that of the 
crania of the neolithic age’® the /sobathyplatycephalus has a capa- 
city from 1230 to 1405 in the feminine, and the Eacampylos varies 
from 1470 to 1564 in the masculine. The two varieties, still per- 
sistent in Sicily, do not vary in capacity in the modern series, and 
at the same time show that in the neolithic epochs, as among 





1 Concerning the Primitive Inhabitants of the Mediterranean, Archives of 
Anthropology, Florence, 1892, Vol. XXII. 


2See Human Evolution. 


3 Crania of the Neolithic Age, Boll. Paletnol. Italiana, Parma, 1892. 


THE VARIETIES OF THE HUMAN SPECIES. 25 


modern populations, large and small varieties are found, just as 
the same types are now found through persistence of forms. 

From this it is evident how much there is to reform in anthro- 
pclogy when we study by natural methods facts until the present 
misinterpreted, respecting the classification as well as the physical 
and psychological characteristics of man in time and space. Per- 
haps in the future, when we know all cranial forms by natural 
classification, it will be possible to find a correspondence of psy- 
chological characteristics in populations according to the pre- 
dominance or superiority of types, a fact which has until now 
escaped research, because the capacity of the cranium in its abso- 
lute sense is not in correlation tc the development of the mental 
functions, notwithstanding what is commonly affirmed. The 
reform is urgent, but a natural method should be employed, and 
that is my purpose. 


PART SECOND.—MeETHOD AND CLASSIFICATION. 
iF: 


Varieties. 


The greatest variation in a series of human crania cannot be 
distinguished by an untrained eye; anatomists continually accus- 
tomed to the study of the human skeleton and scholastic demon- 
strations do not at first discover the salient points of difference 
among crania, their attention being distracted by observing the 
single parts of which they are composed, the canals, depressions 
and minor details, and does not grasp the complex form of the 
entire cranium. There are,two different kinds of observations: 
ene is useful in examining the development and normal condition 
of the cranium; the other serves for the classification of forms, 
and it is this last method of inquiry which I am about to consider. 

The distinctions of forms depend in the first place on the com- 
parison of different crania. They should be placed upon a table 
and compared in every direction. Little by little a useful habit 
and keen eye are acquired, by means of which the slightest varia- 
tions are detected, so that the similarity of fundamental character- 
‘istics can be seen among great differences which at first appear 
absolutely dissimilar. 
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The practical method which I have already adopted, for me and 
others who wish to make use of it, is that of placing the series of 
crania in order and in an equal row upon a large table, the first 
time, if possible, of the same color, intact, that is, without having 
been sawed to extract the brain, without the lower jaw, and there- 
fore upon a single plane, each placed upon its base. Difference of 
color, the line which divides a cranium sawed, an inequality in the 
table, may alter the positions of the forms or render the cise 
of similarities and differences more difficult. 

When familiarity with the forms has once been acquired, many 
of the conditions become superfluous, and then an isolated 
cranium is classified without the necessity of a comparison, at least 
in the forms which are common. 

After various and attentive observations and continuous com- 
parisons, it is necessary to form groups of crania which seem to 
have common characteristics. FFormed in groups, each group must 
be separately analyzed in every component, in order to recognize 
common and diverging characteristics; if these last are marked, 
separate the groups into subgroups, noting the individual differ- 
ences which must necessarily exist. 

Formed in groups and subgroups, one typical cranium is 
selected for each group or subgroup, and its likeness is trans- 
ferred by drawing a free-hand outline, by placing the cranium 
itself upon paper, or by means of a camera, and finally the volume 
is reduced, or rather the linear magnitude, to a third or half, mak- 
ing this reduction equal in all the crania which are designed. 
Drawing has the very great advantage of revealing the linear 
curves, which are not immediately observed, and demonstrates 
characteristic differences very easily. In case of doubt concern- 
ing certain forms which seem similar, it is well to place the pro- 
files one above another, in order readily to observe similarities and 
differences, whether apparent or real, profound or superficial. 

The following are additional rules: Distinguish the crania which 
compose the groups according to sex, because sexual differences 
should not impair or alter the types under which the crania are 
classed, nor should another type be made on account of character- 
istics which are merely sexual. The observer should be trained to 
discover the sexes of crania and sexual characteristics dis- 
tinctly and clearly. When the groups are formed, the crania 
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should be adult, though when special conditions permit, those of 
infants can be added. We should bear in mind that the forms of 
the latter are never decided, just as they are not permanent. The 
condition of the sutures and of normal or abnormal development 
should be taken into account, because abnormal development, as 
well as the partial arrest of development, may profoundly alter 
typical forms; exclude, therefore, all pathological crania when 
this pathological condition is apparent. I have, however, been 
able to observe and will demonstrate in a future work’ that crania 
belonging to persons of enfeebled mind, in spite of various alter- 
ations, preserve the typical forms and are recognizable without 
difficulty by those experienced in the method and classes of forms. 

The examination of the cranium must begin with the well- 
known xorma verticalis of Blumenbach, that zorma from which, 
in turn, Retzius derives the index of the width. It should furnish 
us the first form or the first characteristic for classification. When 
the vertical line is undecided, or cannot be reduced to a normal 
form, then the norma lateralis must be observed in order to ascer- 
tain the first characteristic; it may also happen that the lateral 
modifies the norma verticalis so profoundly that it may be pre- 
ferred to this, or that it may have a characteristic much more 
prominent and more easily distinguished than the vertical; in 
such a case it should have the first place. It may also happen 
that another characteristic may be more decided and more marked, 
giving it the preference, and such a characteristic may be visible 
in the norma occipitalis or norma facialis; this should then be 
selected as the first characteristic for distinguishing varieties. 

Let us now consider those characteristics which should separate 
and classify varieties according to the natural method. I begin 
with the forms given by the xorma verticals, as they are those 
which are easily distinguished and can be in great part reduced to 
geometrical figures. 


Ist. ELiipsorp (edipsordes). (Fig. 2). 

We will call e/psoid a cranium which in the norma verticalis 
presents an elliptical contour, as in the figure reproduced, taken 
from life, and which I insert in the parallelogram in order to show 


1 This is the work of Dr. G. Mingazzini, entitled Concerning the Craniology of 
the Insane. 
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its regularity and demonstrate how the exterior outline harmon- 
izes with the lines which surround it. Ellipsoid, or whatever 
similar name is adopted, signifies a body which has an outline 
similar to an ellipsis. Such an elliptical form, very common 
among varieties of crania, necessarily has all the projections 
rounded off, the occipital is never flat, and the parietal pro- 
tuberances are always slight, or do not exist; the transverse curve 
of the norma verticalis or cranial arch is moderately or decidedly 
convex. 





soon eel Fore rwn sm msenteyn ann enoed 


Fic. 2.—ELLIPSOIDES. 


A form of this kind, considered only as norma verticalis, is 
subject to variations in length and width; hence it may be a short 
and wide ellipsis, drachyellipsoid (brachyellipsoides), a long one 
or a narrow one, dolichellipsoid or stenellipsoid. 


2d. PENTAGONOID (fentagonoides) (Fig. 3). 


Figure 3 shows a pentagon of unequal sides, but symmetrical, 
into which is inserted a cranial form corresponding to its respec- 
tive sides, but with rounded angles, of which the most rounded, 
which is cut off, is that which corresponds to the occipital cone. 
In this cranial type the parietal protuberances are pointed, and 
often with corners definite and acute; from these points towards 
the frontal there is a gradual narrowing, and so also towards the 
occipital; but with this difference, that while from the parietal 
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protuberances forward this narrowing, which forms the two sym- 
metrical sides, is maintained almost at the same level as the cranial 
arch, the level from the parietal protuberances to the occiput 
becomes oblique and descends to form the angle of the pentagon. 





uf 


Fic. 3.—PENTAGONOIDES. 


This obliquity is very evident when seen from the norma verti- 
calis (Fig. 4). . 





Fic. 4.—PENTAGONOIDES. 


The variations which the pentagonal norma verticalis may pre- 
sent are as follows: 
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Ist. The corners are acute or obtuse; whencea fentagonoides 
acutus and obtusus: the anterior part of the cranium, that is, the 
two sides which reunite the parietal to the frontal protuberances, 
can be longer or shorter than usual; there will then be a penta- 
gonoides oblongus or a brachypentagonotdes. 


3d. Ruomsorp (rhomboides). 


The rhomboidal form of the norma verticalis (Fig. 5) can inter- 
change with the pentagonal form, because the most characteristic 
difference consists in the suppression of the one side correspond- 
ing to the frontal width. 





Fic. 5.—RHOMBOIDES. 


This side is very short in the rhomboidal figure of the cranium 
when considered in relation to the biparietal width of which the 
protuberances are very distinct and pointed; so the occipital pro- 
jection is still more acute on account of the greater convergence 
of the two posterior sides. In this variety the cranium is smooth 
in the sagittal line, low in relation to its width and length. 


a 
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Of this singular form I have so far found two variations dis- 
tinguishable by the norma verticalis: Ist, the azstralensts, of which 
I give the type in Fig. 5; and 2d, the Jdrachyrhomboides 
aegyptiacus, shorter and wider than the preceding. 

N. B. That these forms are often found in infantile crania is a 
fact worthy of attention. 


4th. Ovorp (ovoides). This form (Fig. 6) is distinguishable only 
by the norma verticalis. The enlargement of the cranium is at 
the parietals at about a third of their entire length and posteriorly. 
The occiput terminates at the large apex of the egg, while the 
second apex is represented by the frontal. ‘The cranium has sym- 
metrical curves; the arch is not always very convex and may have 
a transverse curve, slight and easy. 





Fic. 6.—OVOIDES. 


The ovoid cannot be confused with the pentagonoid, because it 
has no sides, nor apparent corners, nor has it the occipital obli- 


“quity which forms the posterior part of the two posterior sides of 


the pentagonoid. 

The “Sardinian ovoid,” which I have described and named 
Sardiniensis, diverges a little from this type; the enlargement of 
the parietals is situated a little in advance of that in the type 
described, and, besides, the ovoidal appearance is also perceived 
in the norma lateralis. 
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5th. SPHENOID (sphenotdes). 


The cranium represented in Fig. 7, which I name “ sphenoid,” 
from the Greek, is cuneiform. The characteristics of this type are 





Fic. 7.—SPHENOIDES. 


very evident; the biparietal enlargement of the cranium is far back, 
and there is a gradual and sensible reduction in width from that 





Fic. 8.—SPHENOIDES STENOMETROPUS. 


unusually large extension as far as the frontal. The occipitai 
part is, therefore, either level and vertical, or rounded, without pro- 
tuberance. 


+ Sars; 
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This form, seen in the norma verticalis only, is subject to many 
variations, preserving, however, the characteristics which clearly 
distinguish it from others. I add some of the most common 
forms which I have found and classified. 

1. Sphenoides stenometropus, that with a narrow forehead and 
generally a small capacity. This type is very common in the Medi- 
terranean (Fig. 8). 





Lace as ag ; 
FiG. 9.—SPHENOIDES ROTUNDUS. 


2. Sphenoides rotundus (Fig. 9), which is larger and wider than 





O.—SPHENOIDES LATUS. 


Fic, 1 


the former, and has the elevations rounded off, especially in the 
Occipital part, which is globular. 
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3. Sphenoides latus (Fig. 10). This is much wider in its biparie- 
tal expansion and is short. It has the occipital smooth and per- 





Fic. 11.—SPHENOIDES LATUS. 


pendicular, the parietal prominences acute, the corners evident 
and the sides flat; observed laterally, this type appears cuboid 


(Fic, 11): 





Fic. 12.—SPHENOIDES MEGAS. 


This is the characteristic type of the Kourgans of Russia, and 
for that reason I have called it kurganicus. 
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4. Sphenoides megas (Fig. 12), the largest which I have found. 
It is also distinguished in the norma verticalis by a certain con- 
vexity in the sides of the cranium and by the posterior rotundity. 
This type is also obtained from the Kourgans. 

5. Sphenoides oblongus. Iso name that sphenoid which has a 
marked distance between the greatest biparietal width and the 
bifrontal line. This type is opposed to the ats, which is short. 


6th. SPHEROID (sphaeroides). 


The general character of this cranial form is the rounding of the 
frontal, parietal, parieto-occipital and the inferior or basal parts of 
the occiput itself, by spherical curves. 

The cranium is relatively wide and short, the forehead and 
frontal large, the cranial arch widely convex, the occiput without 
protuberance, but rounding, the base wide (Fig. 13). 





Fic. 13.—SPHAEROIDES. 


I have already distinguished three principal forms of the 
spheroid, visible from the norma verticalis. 

Ist. Sphaeroides proper, which we also find subdivided. 

2d. Sphaerotocephalus, which diverges by having a forehead 
wider but slightly retreating, following, therefore, the spheroidal 
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as far as the coronal curve, and which as a whole becomes less 
even in its curves than the typical spheroid proper. 





Fic. 14.—STRONGYLOCEPHALUS. 


3d. Strongylocephalus. This type differs in that it has a narrow- 
ng in its sphenoidal fossae, visible in Fig. 14, so that the spherical 
part of the cranium is that which remains back of this narrowing. 






Wee 


Fic. 15.—STRONGYLOCEPHALUS. 


o 


Fig. 15 shows also very well the frontal narrowing in its temporal 
lines, while the transversal curve is clearly spheroidal. 


~ 
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7th. Brrsorp (dyrsordes) (Fig. 16). 


The apparent form of this cranial type is an ovoid, which is 
removed from the usual form, because it has a rather large biparie- 
tal expansion, which does not terminate at the apex of the egg, 
but is rounded off; moreover, the curves, which are directed from 
the larger to the frontal expansion, are concave, with dilatation of 
the frontal line. Thus this form seems to be that of an elongated 
purse, the opening of which is found at the bifrontal line and the 
bottom at the expansion of the parietal curves, whence the name 
of dyrsoides (like a purse). 





Fic. 16.—ByYRSOIDES. 


Observed from the side, the birsoid presents a superior plane; 
it is low, with the occipital rounding, but protuberant. 

In its norma verticalis I have observed a variation among the 
birsoids of ancient Egypt; one with a smaller biparietal expansion. 
The cranium of this variety is large. 

The seven forms which have been described are recognizable 
by the norma verticalis. The following are those in which the 
vertical is insufficient, uncertain or can be easily confounded with 
others which are different. Among these the following are found: 
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8th. PARALLELEPIPEDOID (parallelepipedoides). 


Figures 17 and 19 represent a Sardinian type. The normal 
line has a slight swelling in the posterior part, and does not give 
the exact image of the form with parallel lines, while the lateral 
line corresponds to its name more closely. This form has a flat 
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Fic. 17.—PARALLELEPIPEDOIDES Fic. 18.—PARALLELEPIPEDOIDES 
SARDIN. KURGANICUS. 
arch, vertical forehead, smooth occiput, and the base leveled; it is 
narrow, long, low, with smooth sides and evident corners, which 
makes a geometrical form. 


Fic. 19.—PARALLELEPIPEDOIDES SARDIN. 


Figure 18 represents a parallelepipedord from the Russian Kour- 
gans. It appears very clear by the parallel lines of the two sides, 
its length and regularity. 
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This form is not very common, and can undergo variations in 
the norma verticalis, that is, can be larger in the transverse diame- 
ter, and hence relatively shorter; it is always low in the norma 
lateralis and through its entire length. 


oth. CyLinpRoID (cylindrordes). 


If the rounding of the corners and the sides of the parallel- 
epipedoid renders it more convex, there is the “ cylindroid,” which 
is long, narrow, low, like the first, but rounded all around. There- 
fore the forehead is lower, retreating (Fig. 20), and, seen from the 
vertical, the occiput is narrow (Fig. 21); this occurs in the types 
here given, of which one (Fig. 21) is from Latium, the other from 
the Russian Kourgans. Such a form is rather rare, as is also the 
parallelepipedoid. 


Fic. 20.—CyYLINDROIDES. 





Fig. 21.—CYLINDROIDES. 


loth. CuBorpD (cuboides). 


The cranium resembling a cube, has the arch, the occipital, and 
the sides smooth, and possibly the forehead, which is almost 
always vertical, at least in the small cuboids.. One cubical form, 
which approaches nearer to its typical name, has the vertical line 
about corresponding to a quadrilateral, a little elongated; but we 
know that the anterior is always narrower than the posterior part 
of the cranium. As a rule, such a cranial form is more visible 
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from the norma verticalis (Fig. 22) and from the posterior (Fig. 
23). The characteristic of the norma occipitalis is especially that 
the height is almost always equal to the width; hence we obtain 
the true cubical form from the side, this presenting a superficies 
of the cube. 





Fic. 22.—CuBolDES PARVUS. Fig. 23.—CuBOIDES PARvus. 


Figure 24 represents a cuboides magnus (from the Kourgans), 
while Figs. 22 and 23 reproduce a cuboides parvus of Sardinia. 





Fic. 24.—CusoiDes MAGNus. 
Masculine cuboids may be found, especially large ones, with 


retreating foreheads and frontal sinuses large, and differing from 
the type Fig. 24. 





THE VARIETIES OF THE HUMAN SPECIES. 4 1- 


The forms which follow are determined especially by the norma 
lateralis; first of all is the 


’ 


11th. TRAPEZOID (¢rapezoides). 


The two parallel sides of the trapezium here correspond to the 


cteeseeee 





: Fic. 25.,—TRAPEZOIDES SARDINIENSIS, 


arch and the base of the cranium (Fig. 25), the two sides not 
parallel are the sloping of the forehead, and the occiput more or 





Fic. 26.—TRAPEZOIDES AFRICUS. 


less oblique. The type which I show is the trapezoides sardinien- 
sis, a small microcephalous cranium. One important variation 
of the trapezoid is that which I have called African (africus), 


/ 
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which I have obtained from Harar, and which I have seen again in 
Russia, especially in the Government of the Chersonesus. 
The Sardinian type is distinguished by being higher in the 
back, wider in the norma verticalis, and relatively short (Fig. 26). 
In order to recognize this form it is necessary to know that the 
greater height of the cranium is at the back, and thence there is 
a perceptible sloping towards the forehead, which is low. ‘The 
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Fic. 27.—ACMONOIDES (TVER). 
occipital is raised on an inclined plane, very sloping, while the base 


of the cranium does not rest upon the same plane through its 
entire length. 





Fic. 28.—ACMONOIDES SICULUS. ‘ 


12th. Acmonorp (acmonoides) (Figs. 27, 28). 


It is not difficult to distinguish this variety with its anvil-like form. 
Once seen, it becomes impressed on the memory by the singularity 
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of its shape. A long cranium, the norma verticalis not elliptical 
nor ovoid, because the sides are straight, a slight swelling of the 
parietal protuberances situated very far back, and the occipital 
resembling a quadrangular pyramid, leaning slightly on its cranial 
base. The cranium is high on the side, the forehead vertically 
inclined, but a little elevated; the arch is on the horizontal plane, 
abruptly inclined at the summit of the occipital pyramid, the 
extremity or protuberance of the occipital level. It has quite a 
large capacity. The types given here are derived (Fig. 27) from 
the Russian Kourgans, (Fig. 28) from modern Sicily. 





Fig. 29.—LOPHOCEPHALUS. Fic. 30.—LOPHOCEPHALUS. 


13th. LopHocepHatic (lophocephalus) (Figs. 29, 30). 


This variety has a conspicuous trait not seen from the norma 
verticalis nor norma lateralis, but from the norma facialis and the 
norma occipitalis. This is, as shown in Figs. 29 and 30, the median 
eminence extending from the forehead to the sagittal. This emi- 
nence, which I call dophus (lophos), and which is described by 
other anthropologists as “ crania with the arch of the backbone of 
an ass,” or “arch like the keel of a ship,” commences in the upper 
part of the frontal, at the place where the frontal curve first 
becomes horizontal. It is an elevation of the median portion, 
with lateral depressions amounting to a slight concavity, which 
reaches the coronal, the highest part of the eminence and surpasses 
it, invading the sagittal, where it terminates at the apex of the 
triangle, gradually disappearing. 
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This variety I have described among the crania of Melanesia, 
and the type which I give is from there; but it is not limited to 
that region and presents certain variations. 


14th. CHOMATOCEPHALUS (chomatocephalus) (Fig. 31). 


We call “tumulus-like” (chomo) that cranium which is ele- 
vated like a hill upon a horizontal plane passing through the orbital 
arches. It is not spherical, and slopes almost equally on all sides, 
starting at the summit of the cranial arch, which is much elevated, 
as seen in Fig. 31. Such a cranial arch may not always be regu- 
lar in its inclinations, nor perfectly symmetrical, and not like a 
hill or gradual elevations of land, but should resemble a high ele- 
vation, and be almost disproportionate to the face. The type pre- 
sented is from Melanesia. It is large, with a large capacity; there 
are also smaller and different types, both in the same region and 
elsewhere. 
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Fig. 31.—CHOMATOCEPHALUS. Fig. 32.—PLATYCEPHALUS. 


15th. PLATYCEPHALIC ( platycephalus). 


Platycephaly usually concerns the arch of the cranium only. 
It is flat, in a relative degree to the usual convexity. In fact it is 
a curve of the cranial arch which resembles an arc of a circle with 
a large radius; the platycephalic forms will be distinguishable in 
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proportion as this idea is considered. As a rule the cranium is 
also wide in its transverse diameter, and hence it is also relatively 
short, as seen in the brachycephalic, Figs. 32, 33 and 34. Fig. 32, 
which is the profile of an Italian cranium, resembles strongly 
Fig. 33, which is a Russo-Kourgan; Fig. 34 is the norma verticalis 
of the latter and shows its relative width. 
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Fic. 33.—PLATYCEPH. BOGDANOVII. Fic. 34.—PLATYCEPH. BOGDANOVII. 


This characteristic is so evident and so much a part of the 
cranial form, to which a pathological signification has been erro- 
neously attributed, that it alone is sufficient to constitute a distinct 
variety. It is easy to distinguish a cranium by such a characteris- 
tic without directly considering the norma facialis or norma occi- 
pitalis, and hence it is a good characteristic for classification. 
Among platycephalous forms there is one which is prominent on 
account of the unusual lowness of the arch, besides being very 
flat. It presents a small forehead and a general depression of the 
cranium from the orbital apophysis to the superior plane. The 
top of the cranium resembles a flat cake or a bun, whence the 
name Placuntoides which I have given to it, that is, the form of a 
flat cake (Fig. 35). There are also platycephali with narrow fore- 
heads, which I will consider later. 
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16th. SKOPELOID (skopeloides) (Fig. 36). 

The form which I call “rock-like” (skopelos) is very curious. 
It has a summit on the posterior part of the cranium which slopes 
from every side, and at the occiput descends rapidly to the base. 
The cranium is large, wide at the base, with a narrow forehead, 
and the frontal slightly sloping, following the inclined plane of the 
posterior summit. 





Fic. 35.—PLACUNTOIDES. 


This form is difficult to describe, and Fig. 36 gives an imperfect 
idea of it. 





FiG. 36.—SKOPELOIDES SAMNITICUS. 

Of this variety, so characteristic and quite common in Samos, 

I have seen some which are microcephalous; in Samos and like- 
wise in the Russian Kourgans, although there very rare. 
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The sixteen human varieties above described I have deter- 
mined, after observations of more than 3500 crania, principally 
from the Mediterranean, prehistoric tombs, and modern Russia, 
the crania of the Kourgans, and from some ancient cemeteries in 
Moscow and the Chersonesus, and from Melanesia, I can affirm 
nothing of the entire number of human varieties, nor of their dis- 
tribution, before making new and direct personal observations in 
the rest of Europe and in other parts of the world; I wait in confi- 
dence and with the earnest desire of making such observations. 
I affirm with some personal satisfaction that, as regards the new 
anthropological method, I have surmounted its uncertainties. 
The number of varieties has been much reduced, and they are 
separated by definite and recognizable characteristics. 

I cannot affirm that new varieties may not be found even in the 
Mediterranean field, where I have chiefly extended my researches. 
If they should be found they would be few, and probably brought 
from other localities. 


bh 
Subvarieties. 


Though the number of varieties which I have until now deter- 
mined in the Mediterranean and Russia, together with some from 
Melanesia, is limited to sixteen only, the subvarieties are much 
more numerous. Subvarieties should first of all preserve the 
characteristics of the variety of which they are a variation, and 
should have some other characteristic, which must not be transi- 
tory and individual, but fixed and hereditary. Groups of sub- 
varieties must constitute real groups; the variety is the principal 
denomination of characteristics common to many subvarieties, 
which add to the primary or dominant characteristic one or several 
new characteristics which separate the subvarieties from each 
other, as the following scheme exhibits: 

Variety: A. 

Subvariety: A +a, A+b, A+c, A-+d, and so on. 

While the characteristic A gives the name to the variety, the 
less general characteristics a, b, c, d give the subvarieties of A. 
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The same relation is found in the animal kingdom between 
genera and species, or between species and varieties; in the first 
place, the universal characteristics of the genus are limited by 
those of the species; in the. second, those of the species are 
‘restricted by those of the varieties, and those of the variety by the 
subvarieties. I have above stated that while in my opinion the 
name of variety is general in its meaning, and therefore also 
provisional, it may remain definitive by further study and assume 
a fixed signification. Different results may be reached, but the 
classification will remain unaltered, because the characteristics 
will continue stable and the method unchanged. 

In determining the characteristics of numerous series of crania, 
and in arranging groups of one variety, another plan occurred to 
me, that of finding characteristics which separate a subvariety 
into groups of a third order, meaning by a group of the Ist order 
the variety; then we shall have a plan like the following: 

Ist. Variety: A. 

2d. Subvariety: A-+--a, A+ b, A+ c, etc. 

3d. Sub-subvariety: A+-+-a+a, A+a+//, A+a-+y7. 

The characteristics a, 8, 7 are not transitory; they are stable, and, 
on this account, of the same type as those which distinguish the 
subvarieties a, b, c, ete. 

It is easy to answer an inquiry as to the manner of distinguish- 
ing these characteristics: individual variations are not repeated, 
and they therefore do not occur in many individuals, unless acci- 
dentally; not only do they cause little divergence from the typical 
forms, they constitute oscillations of the same form recognizable 
as such. It is not so with the characteristics of subgroups of the 
2d or 3d order; they alter the fundamental form in some part, and 
are repeated in groups composed of several individual elements. 

We have seen how we may determine varieties, which in a great 
measure assume geometrical forms and receive corresponding 
names, because of their approximation to bodies with well-known 
geometrical characters. We have also seen that we can determine 
the form of this irregular body, the brain, either by the vertical or 
lateral norm, or in some cases by the anterior or posterior aspect. 
Besides the normae which determine the variety, there remain 
other normae which have various characters, and can therefore 
complete the craniological type or show its variations beyond the 
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primary character which places it in a given variety. An ellip- 
soid, regarded vertically, may have different normae laterales, at 
the same time remaining an ellipsoid; it may also have other char- 
acteristics, visible from the norma occipitalis, which make it vary 
from another cranium, also ellipsoid, with a different norma occi- 
pitalis. There may also be variation in the same norma which 
gives the fundamental form; for example, the ellipsoid (Fig. 38) 
is shorter and relatively wider than the one beside it (Fig. 37), 





Fic. 37.—DOLICHELLIPSOIDES. FiG. 38.—BRACHYELLIPSOIDES. 


which is therefore a “ dolichellipsoid,” while those wide and short, 
like Fig. 38, we may call “brachyellipsoids.” Such variations of 
elliptical forms correspond to the structure of the cranium, and 
therefore constitute subvarieties. 

Following the order above carried out in the varieties, I com- 
mence with the ellipsoid. 


I. ELLIPSOIDEsS. 


ist. Ellips. depressus. 


This is visible from the norma lateralis and also from the norma 
anterior (Fig. 39). Cranium low from the vertex to the occipital 
base, as if crushed in every direction from the frontal and lateral 
sides, and therefore with a narrow, retreating forehead, of curved 
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form; the same of the occiput. This curious and characteristic 
form is subject to variations which would take too long to 
describe here. 





Fic. 39.—E tips. DEPRESSUS. 


2d. Ellips. tsopericampylus (Fig. 40). 
Tsopericampylus signifies “with equal curves all around”; the 
character of this subvariety is especially that the form is handsome 
and perfect. It may have variations in the form of the ellipse 


and in some other characters. 





Fic. 40.—ELLips. ISOPERICAMPYLUS. 


3d. Eliips. embolicus. 


From embolus, prow, because the occipital decline, which com- 
mences well forward, reaches as far as the cranial base, and such 


Pi 
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a projection has the apparent form of a ship’s prow. [I at first 
called this form embolotdes meridionalis, because I had observed it 
among the crania of Southern Italy. I found it again in Russia 
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Fic, 41.—ELtips, EMBOLICUS. 


among the Kourgan crania, among Etruscan crania, ancient 
Roman, and finally at Novilara (Pesaro) in tombs perhaps of the 
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FiG. 43.—STENELLIPS. HYPSISTEGOIDES. 
Fic. 42.—STENELLIPS. EMBOLICUS. 

5th century before the Christian era. Fig. 41 is the profile of a 
cranium of the Kourgans of Tver. This cranium, that is, this 
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cranial form with definite ellipses, is long and at times exceeds 
200 mm., and differs in width. In the meridional emboloid it is 
135-138 mm., but in others is below 130 mm.; hence the name of 
stenellipsoides embolicus which IJ have given it, as in the cranium 
from Novilara which I have shown here (Fig. 42). 


4th. Liiips. hypsistegoides (Fig. 43). 


This form is visible from the posterior norma of the cranium, 
as in Fig. 43 (cranium from Novilara). The arch is constructed 
like a roof in the example here given, and the height of the cra- 
nium from the base to the vertex is considerable. There are 
stegoid varieties also, that is, with a roof-like arch, not very high. 





Fic, 44.—ELties. CORYTHOCEPHALUS. 


5th. Allips. corythocephalus (Fig. 44). 


“ Helmet-like cranium,” high, with a fine curve from the fore- 
head to the occiput as far as the base, of large capacity, and flat at 
the sides. This gives it the appearance of a helmet. I found it 
first among ancient Egyptian crania, whence its name of aegyptia- 
cus ; then among the Kourgan crania. 


6th. Eliips. epiopisthius. That is, a cranium of elliptical form 
in which the level rises from the frontal towards the posterior part, 
so that the latter appears to be raised (Fig. 45). 


7 
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7th. Ellips. scalenus. The epiopisthius can also be, as in this 


case, scalenus, a rapid obliquity from the occipital slope. But the 
cranio-scalenus can also be found without being epzopisthius, and 





Fic. 45.—EL.tips. EPIOPISTHIUS. 


vice versa. These two characteristics appear separately and 


together in other varieties, as in the ovoid, the platycephalus, and 
in the ellipsoidal subvariety. This may also be said of the roof- 
like form, or stegoid, and of the hypsistegoid. 





Fic. 46.—ELLips. TETRAGONALIS. 


8th. Ellips. tetragonalis (Fig. 46). 


This ellipsoidal form is very characteristic in its norma lateralis, 
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which has the appearance of a tetragon, whence its name. The 
cranium is high, the forehead as a rule erect, the occiput perpen- 
dicular and very convex and depressed at the sides. It may be 
confused with the cuboid when seen only from the norma later- 
alis. But I must now omit a series of subgroups and limit myself 
to the principal forms. 


II. Pentagonoides—With regard to varieties, I have distin- 
guished various pentagonoids, acutus, obtusus, oblongus, brachy- 
pentagonoides ; and there'may be stegotds, cristatt, etc. 


III. Rhomboides-—The rhomboids are also short, drachy- 
rhomboides, or elongated in the anterior part, oblongus. 


IV. Ovoides.—Subvarieties of ovoids are found with wedge- 
like occiput, cuneatus, scalenus, stegoides, depressus. 





Fic. 47.—SPHEN. TETRAGONUS, 


V. Sphenoides—By the norma verticalis I have distinguished 
sphenoides, stenometopus, sph. rotundus, spelatus, sph. megas, sph. 
oblongus ; an important subvariety is found in ¢etragonus (Fig. 47), 
which is not only sphenoidal in the vertical, but also in the lateral, 
and has prominent corners, rendering the vertex and sides plane. 

There is likewise a sphenoid, cyrtocephalus, which has a 
convexity extending from the frontal and parietals to the vertex, 
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resembling a protuberance, though not so pronounced as to con- 
stitute a crista or a lophos ; if these two characteristics are found, 
the sph. is cristatus or lophoides (Fig. 48). 


ie 


Fic. 48.—SPHEN. CRISTATUS. 


VI. Sphaerotdes.—I have given the principal variations of this 
variety, that is: 

a) sphaerotocephalus ; 

b) sphaeroides, hemisphaeroides ; 

c) strongylocephalus (see above). 


VII. Byrsotdes—So far I have only found one variation from 
the szcadus, that is, the aegyptiacus, which is a little narrower (see 
above). 


VIIIL., 1X., X. Parallelepipedades, Cylindroides, Cuboides (see 
varieties). 


XI, Yrapezoides—t\ have already distinguished two subvarie- 
ties with the names of Trap, sardiniensis and Trap. africus. 
These are the most typical and commonest variations; in my cata- 
logue of Russian varieties several other secondary forms are 
found, of which the commonest is ¢rap. rotundatus. 

There is a subvariety which I considered during my first obser- 
vations as a distinct variety, and which I had named /yrgaordes, 
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a cranium resembling the form of a tower. This cranium is also 
a trapezoid, but it is larger, the occiput is high and perpendicular, 
so that the vertex of the cranium coincides very far back with the 
bregma. It is large enough to appear spheroid, the anteposterior 
declivity slopes uniformly from the back. 

I preserve the name Pyrgoides for such forms because the 
occipital looks like the wall of a tower, high and quadrangular; 
but I consider it a subvariety of the trapezoid. I have noticed 
variations in Pyrg. romanus, The type in Fig. 49 is a cyrtocepha- 
lus, so called on account of the fronto-bregmatic protuberance, 
a votundatus on account of the truncated corners and the convex 
faces. 





Fic. 49.—PYRGOIDES. 


XII. Acmonoides—Of this singular variety I have found sub- 
varieties: a) s¢culus, which is the typical form described; b) mega- 
lometopus, or having a large, wide forehead; c) obtusus, on account 
of the rounded corners; d) stegozdes, on account of the roof-like 
arch; e) subtilis, because narrower than the type; f) proophyrocus, 
because it has prominent frontal sinuses which do not exist in the 


type. 


XIII. Lophicephalus.—This variety offers some variations 
from the type from Melanesia before presented; its principal 
characteristic does not consist in the /ophos, but in the cranial 
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form being a little larger. It is found among the Kourgans 
(Fig. 50); the width is greater posteriorly, and the lateral parts 
more convex, loph. kurganicus. 





Fia. 50.—LOPHOC. KURGANICUS. 


XIV. Chomatocephalus. 


I have found subgroups with the following characteristics : 

a) Chom. angulosus, because it has a surface with angular pro- 
jections. 

b) Chom. summus, on account of its great height. 

c) Chom. cristatus, on account of its crest-like summit. 

d) Chom. sphenoidais, for its wedge-like form as observed 
from the norma verticalis. 


XV. Platycephalus—tThe varieties with most subvarieties are 
the Lllipsoides, the Sphenoides, and the Platycephalus. Of the 
Platyc. 1 have so far been able to distinguish 22 varieties, of which 
several also have subgroups, as the /sobathyplatycephalus, which 
I have called szcu/us because first found in the tombs of the neo- 
lithic age in Sicily (Fig. 51). We find: 

a) Platyc. cuneatus; b) platyc. humilus ; c) stenometopus ; d) 
Platyc. brachymetopus ; e) euryplatymetopus; £) platyc. embohcus ; 
g) platyc. rotundus ; h) platyc, scalenus, and so on. 
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XVI. Scopeloides—A common form in Samos, and should be 
more sought after in Italy. 





Fic. 51.—ISOBATHYPLATYC. SICULUS. 


In ending this description of subvarieties, at present limited to 
those of the sixteen human varieties (and which I consider incom- 
plete in number, just as I have considered incomplete the number 
of varieties of the Mediterranean and Kourgans of Russia, where 
I have found the varieties described), I should add, in order to 
complete the picture of subvarieties, another characteristic of 
classification, of which I have above spoken, the volume of the 
cranium. 

As I have said, what is well known in regard to other animals 
occurs in man, that large and small varieties are found, both in 
stature and in the volume of the cranium, and these differences in 
size and volume are not indications of functional superiority or of 
priority. The functions of the brain of 1200 gr. can be just as 
perfect as those of a brain of 1600 gr., and it is known that not all 
large and voluminous brains are those of great men, nor are those 
of inferior or commonplace human types small. I have found 
ellipsoids, cuboids, ovoids, pentagonoids, platycephali, trapezoids, 
large, medium, and small, with complete and perfect structures 
in the large as well as in the small and microcephalic varie- 
ties; for this reason I have.thought it wise to consider types of 
different volume or cranial capacity as subvarieties, and not to 
confuse the capacity of one with another. 
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I have also found that certain cranial types have a special capa- 
city which does not belong to another type. Thus the trapezoids 
have a small capacity, between elatto- and microcephalic, and never 
exceed that limit; that of the pyrgoids is greater; the stenocephali 
have a small capacity; the coritocephali are megalocephalic, and 
so on. 

I have adopted the words megas, magnus, maximus for the 
large and largest varieties, medius for the medium, and parvus 
and micros for the small and smallest varieties. In respect to the 
capacity when measured, we may practically consider mzcros as 
far as the average of 1150cc.; parvus, as far as the average 
1350cc.; megas, from 1500 up; maximus, beyond 1700cc. Thus 
the number of subvarieties becomes increased. 


‘ 


III. 


Nomenclature. 


Nomenclature is necessary in the classification of animals, of 
plants and minerals. Names aid to discern forms, to recognize 
general characteristics by means of which series and groups are 
formed, to distinguish series from each other. Without names 
we should not know of what we speak. Thus in the classification 
of human varieties and subvarieties it is necessary to adopt tech- 
nical names in order to indicate them; although we may but 
imperfectly express the entire conception of the form which we 
wish to indicate. 

For this purpose I have selected words from the Greek and 
secondarily from the Latin languages, because Greek words are 
better adapted for proper names, and are easily constructed, while 
words in use in a modern language would be difficult to foreigners, 
and having a vulgar signification, would be equivocal; finally, 
because many languages derive names of geometrical forms from 
Greek and Latin, and hence such can easily be understood. 

It may appear that I have too much increased the number of 
technical names in my earlier memoir, Wuman Varieties of Melan- 
esta. Ina measure that is true, but most of the words for each 
variety were in use previously. Brachy, meso, dolichocephalo, 
hypst, chamecephalo, lepto, chameprosopo, lepto, meso, platyrinno, 
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brachy, leptostafiino anc the like are not my words. It appeared 
that the vocabulary would be enormous and sibylline when other 
expressions were added to the name of stenocephalo, etc. The 
French school, as regards nomenclature, is the most exaggerated. 
I need but state that besides the words above given and common 
to all anthropological schools, it has dasion, episthion, pterion, 
obelion, inion, nasion, ophryon, metopion, stpbhanion and the like. 
If in adopting the zoological method which I have indicated we 
abandon craniometry, and with it its nomenclature, there will 
remain but few technical terms for the indications of varieties and 
subvarieties, and then nomenclature will be brief and significative. 
Whoever reads my Memoirs from the first, that upon the Melan- 
esians, to the last, upon “microcephalic varieties,’ will observe 
how I have little by little eliminated names and confusing and 
wearisome measurements, and have reduced classification by tech- 
nical terms for nomenclature to the greatest simplicity. 

Objections made against the nomenclature which I have intro- 
duced can also be applied to that used in zoology and botany and 
in all the sciences which have one. An important objection seems 
to me that of Professor Benedict of Vienna, who would like to 
abolish every word of Greek and Latin origin, because they are 
dead languages which in a few years will no longer be taught in 
schools of science. I agree with him. But, as I have above said, 
it matters little whether a technical name of a variety be under- 
stood in its signification provided that the variety denominated 
be known by means of the name, and nothing more, when it 
refers to a determinate form. Moreover, a reform in classification 
should not suffer through a difficulty in names, which, if they were 
Italian, would not be easily accepted and understood by strangers. 
Greek and Latin have at least the advantage of being languages 
which can now be universally retained for the sciences. The 
objections, or rather I should say the observations, made by 
Hovelacque and Mantegazza are of no value and do not merit 
attention. 

I at first adopted technical names Italianized, but afterwards, 
in order to render the meaning easy to foreigners, I adopted the 
Latinized form, which has the advantage of preserving the original _ 
vowels and consonants. The naturalist, accustomed to zoological 
nomenclature, finds nothing new, much less strange, in this — 


‘ 


THE VARIETIES OF THE HUMAN SPECIES. 61 


method, and the anthropologist is a naturalist who is occupied 
exclusively with man. 

I consider it useful and opportune to prepare catalogues of the 
varieties and subvarieties, and to record the geographical distri- 
bution of forms; they are pictures which render two facts evident, 
the number of ethnic elements and their dispersion. 

I hope by this method and by these principles a systematic 
anthropology may be constituted, which may be the foundation 
for scientific researches upon the origin of human races, upon 
their number and distribution, upon their crossings, and, finally, 
upon the possible solution of the problems of the unity or plur- 
ality of the species. 





SMITHSONIAN MISCELLANEOUS COLLECTIONS 


Deel) GR A rie 


OF 


e7eETO ACETIC ESPER 


PNOeitS DERIVATIVES 


BY 


Eeeeimnewor Y MOUR, Mers: 


Instructor in Chemistry, Lake Forest University 





CITY OF WASHINGTON 
PUBLISHED BY THE SMITHSONIAN INSTITUTION 


1894 





PRINTED FOR THE SMITHSONIAN INSTITUTION 
BY W. F. ROBERTS, WASHINGTON 


1894 






: Tht Ay ell 1 
' 1 A ‘ ; on hae eRe Ue it ii i 


vi 
> 





LETTER OF TRANSMITTAL, 


NEw York, August 22, 1892. 


The Committee of the American Association for the Advance- 
ment of Science having charge of Indexing Chemical Literature 
has voted to recommend to the Smithsonian Institution for publi- 
cation the following Index :— 

Bibliography of Aceto Acetic Ester and its Derivatives, by P. H. 
Seymour, M. S., Assistant in General Chemistry, University of 
Michigan. 

This work was compiled under the direction of Prof. Albert B. 


Prescott, Ph. D., a member of this Committee. 


H. CARRINGTON BOLTON, 
Chairman. 


TO THE SECRETARY OF THE 
SMITHSONIAN INSTITUTION. 





Re RAC re 


It is the purpose of this brief contribution to point out the existing 
literature upon acetoacetic ester, rather than to make an addition to 
this literature. The outlines of memoirs are given, not to enable the 
reader to do without the originals, but to help him to find just the 
ones he may require. To this end it has been undertaken to furnish a 
description, without the detail of a condensation, of so much literary 
material as has been cited. The subject is one so far interwoven with 
research upon organic oxygen derivatives in general that its boundaries 
have been often drawn at a venture. In questions upon the subject- 
matter Mr. Seymour has had the benefit of consultation with Professor 
Paul C. Freer, of this University, who has carried on investigations of 
acetoacetic ester for some years. For the plan of the bibliography, 
whatever defects the plan may have, the undersigned acknowledges 
himself responsible. In the execution of the task Mr. Seymour has 
devoted studious care, with clear critical inquiry on his own part, from 


first to last. And his work is offered with confidence by the under- 


signed, to the Committee on Indexing Chemical Literature, for issue 
under the beneficent provisions of THE SMITHSONIAN INSTITUTION, 


to whose time-saving publications chemists are so greatly indebted. 


ALBERT B. PRESCOTT. 


UNIVERSITY OF MICHIGAN, 
August, 1892. 
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INTRODUCTION. 


In the following work the articles were abstracted with reference 
to the subject of the bibliography, consequently some articles were 
abstracted only in part; that is, omitting what had no relation to 
acetoacetic ester. ‘She word ‘“‘ester’’ has been used to mean an acid 
in which the carboxylic hydrogen has been replaced by an alkyl radi- 
cal, and where the alkyl radical is not specified, ethyl is understood. 

The bibliography is arranged in chronologicai order, with author 
and subject indices appended. 

All references given were verified, except where otherwise stated. 

The reference given first in each case is the original publication, the 
others are reprints or abstracts. 

The literature on the subject begins in 1S84o. 

I wish to express my gratitude to Professors Prescott and Freer for 
direction and aid in the work. 


PAuL H. SEYMOUR. 


UNIVERSITY OF MICHIGAN, 
June 11, 1892. 


LIST OF PERIODI@A Es .CONSULI Ei: 


The following periodicals were examined carefully for articles upon 
the subject of the bibliography from the first volume in each case to 


the end of 1891: 


Annatlen der Chemie und Pharmacie (Vol. 7., 1832). 

Berichte der deutschen Gee Gesellschaft ( Vol. 1., 1868). 
*Tahresbericht uber die Fortschritte der Chemie (Vol. 1., 1847). 
Journal of the Chemical Society (Vol. 1., 1849). 

Bulletin de la Socvété chimique de Paris (Vol. /., 1864). 


The following were consulted upon references : 


Comptes rendus de 1 Acadéniie des Sciences. 

Annalen der Phystk und Chemie, Poggendorff. 

Journal of the American Chemical Society. 

Journal fur praktische Chemie. 

Archiv der Pharmacie. 

Jahresbericht iiber die Fortschritte der Chemie, Berzelius. 
Chemical News. 

American Chemical Journal. 


Annales de Chimie et de Physique. 





* Of this 1887 was the last volume published. 
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LOWIG, CARL AND SAL. WEIDEMANN, 1840. 


Ann. der Phys. Pogg. 50, 95-125 ; Ann. Chem. 36, 297-304; Berzelius’ 
Jsb. 21, 425. 


Action of Potassium and Sodium on Some Ethers. 


Potassium attacks acetic ester at once and is dissolved. No gas is 
given off ; the mass solidifies and is found to be composed of potassium 
ethoxid and a compound of acetyl and oxygen, having less oxygen 
than acetic ester; in other words the potassium abstracts oxygen from 
acetic ester. The product obtained, treated with sulfuric acid, gives 
acetic acid. The author decides that it is probably ‘‘ Hypoacetous 
acid’’ (unteracetylig-saure) C, H¢ Oxy. 





GEUTHER, A., 1863. 
Arch. der Pharm. 116, 97-110; Jsb. Chem. 1863, 323. 
Researches Upon Monobasic Acids. 


Acetic ester was boiled with sodium and a stream of hydrogen passed 
through. Sodium acetate and a compound *C,, H, Na O¢ were formed. 


This compound was named dimethylen-carbonethylen ether sodium, as 
OH 
the author supposed it to be formed thus :—2 *C, H, C, O, \ OH, C, 
Be Le ©, O, | Na O 

ea Col, C..0, | HO, C, AH, + C, a. NaO; - oo By 
treating this compound with ethyl iodid he formed dimethylen-carbon- 
ethylen ether * C,5 H,, O¢, boiling at 198° with a specific gravity of .998 
at 12. By using methyl iodid dimethylen-carbonmethylen~ ether 
*C,, Hy. O¢ boiling at 186.8° was produced. By the action of ammonia 
on the former, two bodies were formed ;—* Ci, H,; NO,, insoluble in 
water, melting at 59.5°, and C,, H,, * NO, soluble in water, melting 
at go° and subliming at 100° By passing carbon dioxid through * C,, 
H, Na O¢,Ci2 Hin Os was produced. It colors ferric chlorid, a dark 
violet. 

ae — 6: O° = 8. 


to 
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WANKLYN, A., 1864. 


J. Chem. Soc. 17; 371-377; Chem: News: 10, 195; Jsb: Chem: 
1864, 461. 
Some Actions of Sodium and Sodethoxid. 


The difference is shown between treating sodethoxid with an alkyl 
iodid and an alkyl acetate. 

In the first case sodium iodid is produced rt 

Na I a 
Ca | O+ C, H, a I } +6 H. aye 

In the second case the sodium replaces the acetyl group and not the 
ethyl. ‘This could not be shown in acetic ester, therefore valeric ester 
was worked with. It was treated with metallic sodium, reaction took 
place and no gas was given off. 

Ce OF) Na 


The reaction was 2 G a j O+2 Na=2 CH. ; O+ & co 





GEUTHER, A., 1866. 


Arch. der Pharm. 125, 29-50, and 201, 223; J. Prakt. Chem. 99 113- 
125 3). Jisb. Chem. 1805: 3o25 Bull: Soc. chim. G,222- 
Acetic Acid. 

Acetic ester was treated with sodium and Ce H, Na O, was produced. 
By boiling with water it was decomposed into acetone, alcohol, carbon 
dioxid and sodium carbonate. Cs Hy. O; was produced from its sodium 
compound by treating with hydrochloric acid, carbon dioxid or acetic 
acid, when it was called by the author ethyl-diacetic acid; it hasa 
specific gravity of 1.03 at 5°, boils at 180.8° and reddens litmus only 
when water is added. In obtaining it some dehydracetic acid was 
always formed. It has the composition Cs Hg O, and melts at 108.5° 
and boils at 269.6° ‘The barium and copper compounds of ethyl- 
diacetic acid and the barium, sodium and calcium salts of dehydracetic 
acid were described. Hthyl-diacetic ethyl Cs H,, O; produced by ethyl 
iodid boils at 198° and colors ferricchlorid blue. Ethyl-diacetic methyl 
C, H,, 0; boils at 186.8° has a specific gravity of 1.009 at 6° and colors 
ferric chlorid a deep blue. 





FRANKLAND, E., AND B. F. DUPPA, 1866. 

J. Chem. Soc. 19, 395-434; Ann. Chem. 138, 204-225 and 328-360; 
Phil. Trans. Lond. 156, 37; Jsb. Chem. 1865, 304. 
Synthetical Researches on Esters. Part I. 

Acetic ester was made from sodium acetate, alcohol and sulfuric 
acid. It was treated with sodium when an action took place and hydro- 
gen was given off. The product was treated with ethyl iodid and the 
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result was a small amount of Cs H, (C, H; )O, and a larger amount of 
Cs Hs (C2 Hs )2O3, The latter is colorless, insoluble in water, miscible 
with alcohol and ether, boils at 137.5°-139° and has a specific gravity 
OfEsi71 at 22° 

Kthylic ethacetone carbonate Cs H, (C,H, ) O, is colorless, almost 
insoluble in water, miscible with alcohol and ether, boils at 195° and 
distils unchanged, it has a specific gravity of .9834 at 16° When 
saponified with a water solution of potassium hydroxid, ethyl acetone, 
CH, CO C (C.H;) H,, is produced which boils at 101° and has a 
specific gravity of .8046 at 22° Both of these acetones have the smell 
and the taste of camphor. The di-methylderivative of acetoacetic ester 
(as it isnow known) was prepared, the reactions given were 2 CH, CO, 
Gea 2 Na— CH, CO € Na, CO, C, H, + C, H, OH+H, and CH, 
C@eNa, CO, C,H. --2CH, I=CH, CO C (CH, ), CO, ©, Ha + 2 Na 
I. Some of the mono methyl derivative was also formed but was decom- 
posed by a water solution of potassium hydroxid. Methyl acetone,CH, 
CO C H, (CH, ), boils at 81° and has a specific gravity of .8125 at 13° 
Dimethyl acetone, CH, COC H (CH, ),, boils at 93° and has a specific 
gravity of .8099 at 13° 

Beye diumetinyivacetoue carbonate, CH, CO C (CH; CO, C,H. 
boils at 184° and has a specific gravity of .g913 at 16° 





BRANDES, R., 1866. 
Arch. der Pharm. [2] 129, 193-212; Jsb. Chem. 1866, 305; Bull. Soc. 


ehim: 7, 50%: 


Acetic Acid. 


Methylen-dimethylen carboxylic acid, C; Hs O, (acetoacetic methyl 
ester), is produced from acetic methyl ester and sodium, sodmethoxid 
and hydrogen being formed in the reaction. It is supposed to be an acid, 
and to be acetic acid in which two hydrogen atoms of the methyl group 
are replaced, one by methyl and the other by acetyl. It is colorless, 
boils at 169° 170°, and has a specific gravity of 1.037 at 9° Blue lit- 
mus is scarcely changed by it until water is added. Alkalis and acids 
decompose it into acetone, carbon dioxid and methyl alcohol. The 
copper salt was madeand described. Methylen-dimethylen carboxylic 
acid ethylen (ethyl-acetoacetic methyl ester), prepared from the former 
by treating with sodium and then with ethyl iodid, is colorless, boils at 
189.7° and has a specific gravity of .995 at 14° It is isomeric with 
Geuther’s ethyl-dimethylen carboxylic acid methylen (methyl aceto 
acetic ester). By using methyl iodid methylen-dimethylen carboxylic 
acid methylen (methyl acetoacetic methyl ester), was produced, it boils 
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at 177.4° and has a specific gravity of 1.020 at 9° Methylen-di- 
met ylen carboxylic acid ethylen treated with ammonia gives two com- 
pounds ; C, H;, NO. which is insoluble in water, and C; H, NO2, which 
is soluble in water. When the above esters are distilled some dehydra- 
cetic acid Cs Hs O, is formed as a solid in the flask. 

Geuther appends a note to this article in which he gives his opinion 
as to the constitution of dehydracetic acid. He supposes it to be acetic 
acid in which two hydrogen atoms have been replaced by acryl, C; H, 
Omthus = C Hi (Ci HeO).- CO mune 


FRANKLAND, E., AND B. F. DUPPA, 1867. 
J. Chem. Soc. 20, 102-116; Ann. Chem. 145, 78-93 ; Jsb. Chem. 1867, 
394. 
Synthetical Researches on Esters. Part II. 


By the action of sodium and then isopropyl iodid on acetic ester, 
monoisopropyl acetoacetic ester was produced, it is insoluble in water, 
miscible with ether and alcohol. has a specific gravity of .g804, boils at 
201° with 758.4 m. m. pressure and distils unchanged. When saponified 
isopropyl acetone, CH, CO CH, CH (CH, )2, is produced, it is sparingly 
soluble in water, miscible with alcohol and ether, boils at 114° with 
758.4 m. m. pressure and has a specific gravity of .8189 at 0° 

The difference is shown between it and two isomers, methyl valeral 


and ethyl butyral. 


GEUTHER, A., 1869. 
Ztschr. “Chem. (5.27 enn: Soe. chim, Isa 77- 
Changing Acetoacetic Ester into Etinylacetic Ester. 


Acetoacetic ester heated to 120° with sodethoxid and acetic ester is 
changed into’ ethyl acetic acid; CHs C, Hi. CO, H. 


*Original article not consulted. 
oO 


WANKLYN, A., 1869. 
Ann. Chem. 149, 43-49; Jsb. Chem. 1868, 509. 


Research upon Esters. 


The action of sodium in sealed tubes upon a number of esters was 
investigated and in no case was hydrogen evolved. ‘The esters thus 
worked with were acetic ester ; acetic allyl ester; butyric ester ; valeric 
ester aud benzoic ester. The equation for sodium and acetic ester was 
given as follows : 
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ei O7 CH. -'4 Na= 3 Na OC, Hz +-NaCCs H, O);,. The 
author looks upon sodacetoacetic ester as a triacetyl derivative of sodium 
and upon acetoacetic ester as a triacetyl derivative of hydrogen ; mak- 
ing sodium and hydrogen trivalent. 


WISLICENUS, J., 1869 
Ann. Chem. 149, 205-215. 
j-Oxybutyric Acid. 

The source of obtaining §-oxybutyric acid is acetoacetic ester which 
is treated with sodium amalgam and must be kept cool during the re- 
action for other-wise enough heat is generated by the reaction to decom- 
pose the substances into carbonates, acetone and alcohol. 


WANKLYN, A., 1869. 
Ber. 2, 64-65 ; Ann. Chem. 150, 206-208. 
Action of Sodium on Alcohol. 


By the action of sodium on alcohol, sodethoxid was formed, from 
wuich the author concludes that sodium is trivalent [Na’”’( C, H, )’’]’ 
OH. Tuis gives rise to a new set of compounds by replacing the hydro- 
xyl hydrogen by radicals. 


WANKLYN, A., 1869. 
Ber. 2, 425-427. 
Product of the action of Sodium and then Ethyl Iodid on 
Acetoacetic Ester. 


No hydrogen is evolved in the first part of this reaction, the chief 
products of which are sodethoxid and sodacetoacetic ester. Then sod- 
ethoxid reacts with acetic ester to form ethyl acetate of sodium, CH, 
mez ti.) CO, Na. This reacts with ethyl iodid thus: 2 CH, (C, H, ) 
ere Na 260) a. I—2 Nal + C,H, OM + Ce. Hs (Cae )2'O3 and 
finally Ce Hs ( C2 H; )2 O; reacts with sodethoxid to form CH, (C, H; ) 
o> Na and butyric ester, Cs H, Oz, 


LADENBURG, A., 1870. 
IBEr, 33 205-300: 
Action of Sodium on Acetic Ester. 
By experimenting on this reaction the author concludes that no hydro- 


gen is given off, and that with perfectly dry acetic ester no action will 
take place below 100° 
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GEUTHER, A., 1871. 
Ztschr. “Chem. 7;.237 >) Bull) Soc) hint. 16; 107: 
Acetoacetic Ester’and Some of its Derivatives. 


When acetoacetic ester is treated with phosphorus pentachlorid, two 
metameric acids of the formula C, Hs O, are formed, quartenylic and 
tetracrylic. Chlortetracrylic acid C, H; Cl O, and its salts are described. 
Tetrolic acid, C, H, O2, is formed from chlortetracrylic ester by an excess 
of alcoholic potash. Ammonia in the cold acts on acetoacetic ester to 
form a soluble amid, Cs H,, NO, and an insoluble amid, Cg H,, NOz, 


*Original article not consulted. 


MIXTER, WM. G., 1874. 
Ber. 7, 499-504; Bull. Soc. chim. 22, 279. 
Knowledge of Derivatives of Sodacetic Esters. 


Sodacetoacetic ester was treated with isobutyl iodid and C. Hg (C, 
H, ), O; was obtained together with some of the mono-butyl derivative, 
Cs Hy (C, H, )O3, The dibutyl derivative is colorless, insoluble in 
water, miscible with alcohol and ether and boils at 250° to 253° Ce Hy 
(C,H, ) O; treated with barium hydroxid is saponified to iso-butyl 
acetone, CH, CO CHL (CAG): 





WISLICENUS, J., 187%. 
Ber. 7, 683-692; J. Chem. Soc. 27, 883; Bull. Soc. chim. 22, 457. 
Researches on Derivatives of Acetoacetic Ester. 


In regard to the disputed action of sodium on acetic ester the author 
agrees with Geuther that as final products only sodethoxid and sodaceto- 
acetic ester are produced. By the action of sodium on acetoacetic ester 
only one hydrogen atom can be replaced, but by replacing that sodium 
atom by an alkyl group the other hydrogen of the methylene group is 
rendered replaceable by sodium and then by analkyl group. The ethyl 
and diethyl substituted esters were produced and described. 





WISLICENUS, J., RUEGHEIMER, CONRAD, EHRLICH AND 
ZEIDLER, 1874. 


Ber. 7, 892-893; J. Chem. Soc. 29, 367; Bull. Soc. chim. 23, 72. 
Derivatives of Acetoacetic Ester. 


Sodacetoacetic ester treated with iodin forms diacetosuccinic ester 
which melts with decomposition at 77° Sodacetoacetic ester treated with 
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monochloracetic ester forms acetosuccinie ester which boils at 260° to 
263° with partial decomposition, its specific gravity is 1.079 at 21° 
Sodacetoacetic ester treated with chlorcarbonic ester, Cl CO, C, Hs; 
forms aceto-malonic ester which boils at 238° to 240° and has a specific 
gravity of 1.080 at 23° 
Sodacetoacetic ester treated with allyl iodid forms allylacetoacetic 
ester an oil with a specific gravity of .982 at 20° 


WISLICENUS, J., ZEIDLER, EHRLICH, ROHRBECK, WALD- 
SCHMIDT, SAUR AND CONRAD, 1875. 


Ber. 8, 1034-1040; J. Chem. Soc. 29, 368; Bull. Soc. chim. 25, 299. 
Derivatives of Acetoacetic Ester. 


Allylacetoacetic ester is saponified to allylacetone, CH, CO CH, CH, 
CH CH, which boils at 130°  Allylacetoacetic ester when treated 
with sodethoxid gives allylacetic ester, CH, (C; H; ) CO, C, H;, boiling 
at 142° to 144, from which comes allylacetic acid boiling at 182° Ben- 
mylaeeteacetic ester CH,CO CH (CH.Ce H,) CO,C, H, and the 
dibenzyl derivative are prepared. Methylacetoacetic ester is converted 
into @-methyl /?-oxybutyric acid and a-methyl crotonic acid, a-ethyl 
f-oxybutyric acid and a-ethyl crotonic acid are obtained similarly. 
Ethyl-methyl1 acetoacetic ester boiling at 198° is prepared and from it 
ethyl-methyl acetic ester boiling at 132° and its acid (valeric) boiling at 
rey. 

Dichlor-acetoacetic ester boiling at 205° -207° is prepared and from it 
dichloracetone. Ethyl acetoacetic ester will form but a mono chlor 
Meee tuerciore 1b isiCH,-CO'C Cl (C, H..) CO; R not CH; Cl CO 
ere( Co He) ‘CO, R. 


WISLICENUS, J., F. CLOWES AND C. HUGGENBERG, 1875. 
Ber. 8, 1206-1209 ; J. Chem. Soc. 29, 565; Bull. Soc. chim. 25, 460. 
Ethyl-aceto Succinic Esters. 


$-Ethyl-acetosuccinic ester was obtained from sodaceto acetic ester 








and a-brombutyric ester. Its formula is CH, CHa 
CO CH: 
CH CH: 


CO; Cae CO; Ca Hie itis 
a colorless oil, boils at 262 and dissolves sodium at ordinary tempera- 
tures, giving off hydrogen. a-ethyl-acetosuccinic ester was obtained 
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by treating aceto succinic ester with sodium, and the product with ethyl 
iodid. Its formula is CH, 

CO 

C (Co Be) — Cae 

CO; CG; Hi. CO; Co H. it boils: atiz63. tomzene 
and does not dissolve sodium at ordinary temperatures nor when 
gently heated. 





OPPENHEIM, A., AND H. PRECHT, 1876. 
Ber. 9, 318-323; J. Chem. Soc. 30, 69; Jsb. Chem. 1876, 604; Bull. 
Soc. chim. 26, 355. 
Formation of Acetoacetic Ester and Oxyuvitic Acid. 


After studying the action of sodium on acetic ester the authors con- 
clude that no hydrogen is given off, and that the reaction is as follows: 
3 CH, CO; Cai. -- 4 Na— CL CO'CH Na CO; CC). --3 Cone Ona 

In reference to oxyuvitic acid, they conclude that it cannot be formed 
directly from sodacetoacetic ester and chloroform but that the presence 
of sodium ethoxid is necessary. 





OPPENHEIM, A., AND H. PRECHT, 1876. 
Ber.20; 323-325. J. Chem. isoes30 700. sb. (Chenmlis7o, 572. 
Production and Properties of Dehydracetic Acid. 


Dehydracetic acid was made by passing the vapor of aceto acetic 
ester through an iron tube heated to dull redness. It is a crystalline 
substance of the formula Cg Hg O, which melts at 108 and boils at 269° 
Acids do not affect it but alkalis decompose it into acetone and acetic 
acid. 


DEMARCAY, E., 1876. 
Compt. rend: 2, 1337-1336 7 J; Chem. Soc. 30; 4035 Ber 9 nge2? 
Jsb. Chem. 1876, 551> ‘Bull. Soc. chim. 27, 120: 
Oxypyrotartaric Acid—A Derivative of Acetoacetic Ester. 


Acetoacetic ester treated with hydrocyanic acid forms an addition 
product, CH, COH (CN) CH, CO, C, Hs, which is decomposed by water, 
forming oxypyrotartaric acid, CH; COH (CO, H) CH, CO, H, ammo- 
nia, and alcohol. 


DEMARCAY, E., 1876. 


Compt. rend 83, 449-451 ; J. Chem. Soc. 30, 506; Jsb. Chem. 
1876, 569. 
Research upon the Derivatives of Acetovaleric Ester. 
Sodacetoacetic ester and isopropyl iodid, CH I (C H, )., react to form 
isopropyl acetoacetie ester, CH, CO CH (CG, H, ) CO; C, Be whichus 
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acetovaleric ester. It boils at 200 to 202°, colors ferric ‘chlorid rose 
violet, when treated with bromin and then alcoholic potash and then 
hydrochloric acid, two acids are formed according to the amount of 
bromin used. The acids resemble angelic and oxy-angelic acids. 


EMMERLING, 0. AND A. OPPENHEIM, 1876. 


Ber. 9, 1096-1097 ; Bull. Soc. chim. 27, 298. 
A New Ester of Acetoacetic Acid. 
Isobutyl-acetoacetic ester was formed which boils at 202° to 206° with 
some decomposition ; its specific gravity is .979 ato? The ester dis- 
solves sodium, and oxyuvitic acid can be made from it. 


OPPENHEIM, A. AND H. PRECHT, 1876. 
‘Ber. 9, 1098; Bull. Soc. chim. 27, 299. 
Action of Anilin on Acetoacetic Ester. 


Acetoacetic ester was treated with anilin in hopes of producing an 


anilid but diphenyl carbamid CO { NH Co H; 


| NHC, HL. melting at 235°, was 
5: 


produced instead. 


EMMERLING, O. AND A. OPPENHEIM, 1876. 
Ber. 9, 1098; Bull. Soc. chim. 27, 299. 
Oxidization of Acetoacetic Ester. 


When acetoacetic ester is oxidized by potassium permanganate, 
potassium acetate, potassium oxalate, alcohol and water are formed. 


OPPENHEIM, A. AND H. PRECHT, 1876. 
Ber. 9, 1009-1102; Bull. Soc. chim. 27, 299. 
Dehydracetic Acid. 


Dehydracetic acid boiled with phosphorus trichlorid gives no reaction 
but when treated with phosphorus oxychlorid and phosphorus penta- 
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chlorid a compound, Cg He Cl, O, melting at ror° is formed, which 
proves the presence of the hydroxyl and carboxyl groups, and also that 
the fourth oxygen atom is united to carbon. Dehydracetic ester, Cs 
H, (C. H; ) O, melts at 91.6°, dehydracetanilid, Cs H, (N HC. H; ) O; 
fuses at 115, and chlor-dehydracetic acid, Cg H, Cl O, fuses at 93°, 
brom-dehydracetic acid, Cs H, Br O,, was also described. "The formula 


assigned to dehydracetic acid is CH, OH CO,H 
CO C=C 
CH, — C=CH 


WISLICENUS, J., 1877. 
Ann. Chem. 186, 161-228; J. Chem. Soc. 32, 432. 
Acetoacetic Ester. 


A short review is given of the work done by different chemists on 
the reaction between sodium and acetoacetic ester. The methylene 
hydrogen atoms of acetoacetic ester can be replaced by alkyl groups 
only by passing through the mono-sodium, mono-alkyl, and sodium- 
alkyl compounds, in that order. Diethyl acetoacetic ester boils at 218° 
and is not attacked by sodium even at 100° In the reaction between 
sodium and acetic ester, sodium acetoacetic ester and sodethoxid are 
formed, and if ethyl iodid be added now, ethyl-acetoacetic ester is 
formed, upon some of which sodethoxid will instantly act and form 
sodethylacetoacetic ester, which, in contact with ethyl iodid now gives 
diethylacetoacetic ester. Frankland and Duppa wrongly attribute the 
last named body to the first action of sodium on acetic ester. ‘These 
complications are due to not removing sodethoxid before adding ethyl 
iodid. ‘The saponification of acetoacetic ester derivatives yields either 
substituted ketones and a carbonate, or substituted acetates and alcohol. 


CONRAD, M., 1877. 
Ann. Chem. 1860, 228-232 <7 J. fChent S0c.132;1435 ;-Jsb. Chem: 
1877, 689. 
Acetoacetic Amyl Ester 


Amyl acetate treated with sodium produces acetoacetic amyl ester, 
CH, CO CH, CO, C, Hy, with no evolution of hydrogen if cold, and 
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only slight evolution in a warm reaction. Amyl alcohol is also pro- 
duced. Acetoacetic amyl] ester is colorless, boils at 223°, has a specific 
gravity of .g54 at 10°, and colors ferric chlorid red. Ethylacetoacetic 
aaylester, CH, CO CH, (C,H; ) CO, C, Hn,.was also produced, it 
boils at 233° to 236°, has a specific gravity of .937 at 26° and gives no 
color with ferric chlorid. 


CONRAD, M., 1877. 
Ann. Chem. 186, 232-244; J. Chem. Soc. 32, 435; Jsb. Chem. 
1877, 690. 
Halogen Substitution Products of Acetoacetic Ester. 


When acetoacetic ester is treated with bromin it takes it up and hydro- 
bromic acid is given off, forming the compound Cs Hs Br, O;. Its 
specific gravity is 2.32 at 21° and it is decomposed upon distillation. 
Chlorin passed through acetoacetic ester is absorbed, hydrochloric acid 
is given off, and Cs Hs Cl, O; is formed, This boils at 205° to 207° and 
its specific gravity is 1.293 at 16° To prove the constitution of the last 
compound it was treated with hydrochloric acid at 180°, when dichlor- 
acetone, CH, CO CH Cl, was formed, and with caustic potash when 
dichloracetic ester, CH Cl, CO, C, H;, was separated. Etkylacetoacetic 
exechewas treated with chlorin and CH, CO C Cl (C,H...) CO; C2 a. 
was obtained. ‘The author decides that the dichloracetoacetic ester is 
CH, CO C Cl, CO.C, H,, Amy] ester of acetoacetic acid and the amyl 
ester of ethylacetoacetic acid were treated with chlorin, and dichlor- 
acetoacetic amyl ester and ethyl-monochloracetoacetic amyl ester were 
produced. 


BONNE, JULIUS, 1877. 


Amn. Chem. 187, 1-11 ; J. Chem. Soc. 32) 437 
Benzoylacetoacetic Ester. 


When benzoyl chlorid acts upon sodacetoacetic ester the two sub- 
stances combine and sodium chlorid is formed. The compound, ben- 
zoylacetoacetic ester, CH, CO CH (CO C, H; ) CO, C, H,, decomposes, 
upon being distilled, into carbon monoxid, carbon dioxid, benzoic ester 

-and benzoic acid. When treated with caustic potash methyl phenyl 
ketone, CH, CO C, H;, and a little benzoic acid are produced. 
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EHRLICH, FRANZ LOUIS, 1877. 
Ann. Chem. 187, 11-30; J. Chem. Soc. 32, 438; Jsb. Chem. 
1877, 689. 
Benzylacetoacetic Ester. 


Benzylacetoacetic ester was made by treating sodacetoacetic ester 
wita benzyl chlorid,:-1t.is CH. COIGH (Cre Col.) CO; Cir. itis 
a specific gravity of 1.083 at 18.4° and cannot be distilled. When 
saponified methyl-phenylethyl ketone, CH, CO CH, (CH. Ce. H;), is 
obtained, it boils at 235°-236° and has a specific gravity of .989 at 23.5° 
When this ketone is oxidized acetic and benzoic acids, carbon dioxid 
and water are produced. Dibenzylacetoacetic ester was also pro- 
duced. ‘The action of nascent hydrogen on benzylacetoacetic ester was 
found to be analogous to that on acetoacetic ester, that is, a-benzy] 
f-oxybutyric ester was produced. 


ZEIDLER, FRANZ, 1877. 


Ann. Chem. 187, 30-47,2.).. Chem: Soc. 32,437. 
Allyl-acetoacetic Ester. 


Allyl-acetoacetic ester boils at 206° and gives a carmine color with 
ferric chlorid, its specific gravity is.g82 at 20? When saponified it 
yields allyl-acetone, CH, CO CH, C, H;, which boils at 128° to 130° 
and has a specific gravity of .834 at 27° It is isomeric with mesityl 
oxid, boiling point 131°-132°; with dumasin boiling point 120°-125°, and 
with metacetone boiling point 84°-86? Allyl acetic acid, CH, (C, H;) 
CO, H, also obtained from the saponification, when oxidized becomes 
succinic acid. Nascent hydrogen converts allyl acetoacetic ester into 
a-allyl $-oxybutyric acid. 


CONRAD, M., 1877. 
Ann. Chem. 188) 217-2265 )% Ghent Soce.34, 137. 
Acetsuccinic Esters and Derivatives. 
Acetsuccinic ester CH, 
CO 
CH—— GH 
CO7C, ae CO, C, H; was obtained from sod- 
acetoacetic ester and monochlor-acetic ester, it is insoluble in water, 
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soluble in alcohol, ether and benzene, and boils at 254° to 256° When 
saponified with alcoholic potash, acetic and succinic acids are pro- 
duced. Barium hydroxid produces /-aceto-propionic acid CH, CO 
CH, CH, CO, H, a crystalline substance which melts at 31° This is 
probably the same as the levolinic acid of Grote and Tollens (Ann. 
Chem. 175, 181) The ethyl ester was also produced. 


CONRAD, M, 1877. 
Ann. Chem..188, 226-228; J. Chem. Soc. 34, 137. 
Synthesis of Pyrotartaric Acid from Acetoacetic Ester. 
When sodacetoacetic ester is treated with a-brom-propionic ester, 
8-methyl-aceto-succinic ester is formed, thus:— CH, CO C H Na CO, 
See er Cr Br CO,:.C, H.—CH, 
CO CHe 
CH——_——-CH 
CO7C ye niC@;. Crane 
2-Methyl aceto-succinic ester is acted upon by barium hydroxid and 
the barium salt of pyrotartaric acid is formed. 


ROHRBECK, HERMANN, 1877. 
Ann Chem, 188, 229-239; J. Chenr. Soc. 34, 136. 
a=-Methyl §-Oxybutyric Acid and g=-Methyl Crotonic Acid. 
a-Methyl f-oxybutyric acid was obtained from methyl-acetoacetic 
ester by the action of sodium amalgam and when heated this a-methy] 
f-oxybutyric acid was changed into a-methyl crotonic acid, CH, CH: C 
CH, CO, H. ‘The properties and salts of each acid were described. 


WALDSCHMIDT, ERNST, 1877. 
Ann. Chem. 188, 240-248 ; J. Chem. Soc. 34, 136. 
Reactions of Acetoacetic Ester. 


g-Ethyl §-oxybutyric acid and a-ethyl-crotonic acid were produced 
from acetoacetic ester, the reactions being similar to those of Rohrbeck* 
which proves that they are general. The salts of these two acids were 
studied and described. 


*See pages 7 and 13. 
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SAUR, RICHARD, 1877. 
Ann. Chem. 188, 257-269. 
Methyl-ethyl-acetoacetic Ester, Methyl-ethyl-acetic Acid and 
a=-Methyl-ethyl=-oxybutyric Acid. 
Methyl-ethyl-acetoacetic ester, CH; CO C(CH,)(C, H,)CO. C. Hs, 
is colorless, boils at 198° and its specific gravity is .974 at 22°? It pro- 
duces a violet color with ferric chlorid. When treated with sodium 
ethoxid it gives methyl-ethyl acetic ester, CH (CH;)(C, H,;) CO, C, H,, 
while sodium amalgam acting on it produces a-methyl-ethyl-$-oxybu- 
tyric ester. 


CONRAD, M., 1877. 
Ann. Chem. 188, 269-274. 
Metal Acetoacetic Esters. 


The copper, nickel, cobalt, magnesium, and aluminum salts of aceto- 
acetic ester were produced and described. In each case but one hy- 
drogen atom of the methylene group in acetoacetic ester can be re- 
placed. This can be replaced by either a metal or a non-metal because 
its position between two carbonyl groups weakens its positive character. 


NORTON, TH. AND A. OPPENHEIM, 1877. 
Ber. 10, 701-704; Jsb. Chem. 1877, 685. 
Action of Carbon Bisulfid on Acetoacetic Ester. 


By this action a monobasic acid of the formula CH, 


co 
(Crs. 

CT cco 

COs ourn 


was formed which was named by the authors thiorufic acid. A metallic 
oxid and carbon bisulfid acting on acetoacetic ester produce a compound 
CH, CO C (:C: S) CO, C, H; which the authors consider as the acetyl 
derivative of CH (:C: S) CO, H, which they name thio-carbacetic acid. 


ACETO-ACETIC: ESTER ES 


DEMARCAY, E., 1877. 
Ber. 10, 1177-1178. 
Acetoacetic Ester. 
The author has worked on the chlorcrotonic acids. "The methyl,— 
ethyl, —and propyl-acetoacetic esters were converted into the correspond- 
ing chlorcrotonic acids and described. 


ROHN, WILHELM, 1877. 


Ann. Chem. 190, 305-322; Ber. 1, 252; Jsb. Chem. 1877, 688. 
Isobutyl-acetoacetic Ester... and Isobutyl-acetic Acid. 


Acetoacetic ester treated with isobutyl iodid gives isobutyl aceto- 

neetic ester CH, 

CO 

CHUGH Chu CH.)); 

€Oz C,H. which boils at 217°-218° and has a 
specific gravity of .951 at 17.5? When saponified it yields isobutyl 
fecie. CH CO CH. (CH, CH (CH,).|,, which boils at 142° te 144° 
and has a specific gravity of .817 at 17° and isobutyl acetic acid, 
eae, CH (CH,),| CO, H. 


MIEHLE, GUSTAV., 1877. 
Ann. Chem. 190, 322-327 ; J. Chem. Soc. 34, 490; Jsb. Chem. 
1877, 688. 
Synthesis of Tricarbalilylic Acid. 

Acetosuccinie ester, made from sodacetoacetic ester and monochlor- 
acetic ester, was treated with sodium and then with monochlor-acetic 
ester and aceto-tricarballylic ester CHa CO7 eo E- 

CH, CO-C CO, C2 He 
CH, ‘CO; CA Hewas produced. 

It boils, with decomposition at 280° to 300? When treated with hot 
potassium hydroxid it gives potassium tricarballylate from which can 
be obtained tricarballylic acid C, H; (CO, H);. 
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DEMARCAY, E., 1877. 


Compt. rend. 84, 554-556 and 1087-1089; J. Chem. Soc. 32, 590; 
Ber. 10, 732); Jsb: Chem: 1877, 690. 


Simple Method of Preparing Certain Mono, Di, and Trichlor Acids. 


Phosphoric pentachlorid, acting on a compound of the formula CH, 
CO CH~x CO, C, H:;, forms a substituted monochlor crotonic ester of the 
formula ‘CH,: ‘C'CUCH xX CO; C2 7. Ine this amanner ithe meen ye 
ethyl, propyl, isopropyl and allyl crotonic monochlor esters were pre- 
pared. Also some di-radical monochlor crotonic esters of the formula 
CHL: C CIC XV CO7C, H. bothowhere Se and VY werevalkyl radicals 
and where they were acid radicals. ‘The ethyl-monochlor crotonic ester 
and its isomer dimethyl-monochlor crotonic ester were prepared and 
the differences between them noted. 


DEMARCAY, E., 1877. 
Compt. rend. 84, 1032-1033; J. Chem. Soc. 32, 594. 
Some Derivatives of Acetoacetic Ester. 


By treating ethyl- and methyl-acetoacetic esters each with a quan- 
tity of bromin representing one molecule and saponifying the products, 
two compounds of the composition 3 C; He O. + H, O and 3 C, H, O, 
+ H, O were obtained, which were named pezfic and ¢efric acids re- 
spectively. Just double the amount of bromin being used, two acids 
were formed each containing one atom of oxygen more. ‘These were 
named pentenic and tetrenic. Mono- and di-brom-isopropyl acetoacetic 
esters also gave rise to two acids, exc, 3 Cs Hg O2. + H.2 O, and hexentc, 


3 (Oe He OF + Ee O. 


SCHNAPP, HEINR., 1877. 
Ber. 10, 1953-1954 and 2227; Ann. Chem. 201, 62-73; Jsb. Chem. 
1877;. 718: 
Di-ethyl=$-oxybutyric Acid. 
Di-ethyl-acetoacetic ester when treated with sodium amalgam gives 
diethyl-8-oxybutyric acid CH, CH (OH) C (C, H;), CO, H. By heat- 
ing instead of forming the crotonic acid by splitting off water, it forms 
acetic aldehyde and di-ethyl-acetic acid. The latter boils at 195° to 
197° and has a specific gravity of .945. 
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RUCKER, AUG., 1877. 
Ber. 10, 1954; Ann. Chem. 201, 54; J. Chem. Soc. 34, 292; Jsb. Chem. 
1880, 810. 
Methyl Crotonic Acid. 


Methyl-acetoacetic ester, CH, CO CH (CH,) CO, C, H,, treated with 
phosphorus pentachlorid gives only one compound a-methyl /-chlor 
crotonic acid CH, 

C-Cl 

CH (CH) 

CO, H which melts at 69.5° The barium, sodium and 
silver salts and the ethyl ester were described. 


WOLFF, CARL, 1877. 
Ber. 10, 1956-1958; Ann. Chem. 201, 45; Jsb. Chem. 1877, 687. 
Diallyl-acetoacetic Ester and its Derivatives. 


Diallylacetoacetic Ester, CH, COC (C,; H;). CO, C, Hg, boils at 239° 
to 241° and has a specific gravity of .948 at 25° It is decomposed by 
alkalis in two ways forming (1) diallylacetone which boils at 174°-175° 
and (2) into diallylacetic acid which boils at 221°-222° and has a 
specific gravity of .g49 at 25° To obtain the first product the alkali 
is added cold and the substance is shaken out with ether. To obtain 
the second add sulfuric acid to the dry mixture and the acid separates 
as an oil. ‘The barium, calcium and silver salts are described. 
Possibly this diallylacetic acid C H (C, H;), CO, H when oxidized 
will give tricarballylic acid C, H; (CO, H), since allylacetic acid 
gives succinic acid. 


MEYER, VICTOR, 1877. 
Ber. 10, 2075-2078; Jsb. Chem. 1877, 518 and 770. 
Azophenylacetoacetic Acid. 


When azobenzene nitrate Cs H; N. NO, tis treated with potassium 
acetoacetic ester, azophenylacetoacetic acid CH, CO CH (N, CG; H.) 
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‘CO, H is formed, it melts at 154° 155° A new acid, Cs H, NO,, was 
produced by treating acetoacetic ester with. nitrous acid, it is so un- 
.stable that it cannot be distilled. .Its constitution is either 


CH, for (CH: 

eCO ‘CO 
/C=N—OH CH—N=0O 
CO, C, H, ‘CO, C7 ne 


~WISLICENUS, J., 1877. 
Ber. 10, 2226-2227. 
‘The Saponification of Acetoacetic Esters. 
‘The author calls attention to the double saponification of acetoacettc 


‘esters. Substituted acetic esters or acids are obtained as well as sub- 
stituted ketones. 


WISLICENUS, J., 1878. 
Ann. Chem. 190, 257-281 ; J. Chem. Soc. 34,:402; Ber. 1, 251. 
Decomposition of Acetoacetic Ester by Alkalis. 


A large number of experiments have been performed and tables are 
‘given showing the proportions of the different products of saponification 
under different conditions. It was found’ that the more concentrated 
the alkali and the more it was in excess the larger was the proportion 
.of acetic acid and substituted acetic acids and the smaller was the pro- 
portion of carbonate and ketones. 


CONRAD, M., 1878. 
Ber. 11, 58-60; J. Chem. Soc. 34, 403 ; Jsb. Chem. 1878, 687. 
Action of Sodium on Ethoxyacetic Ester. 

By the action of sodium and then acetic acid on ethoxyacetic ester, 
(CH, (OC, H..) CO, C,H. a compound Cio :s O21s: fommed awiniem 
boils at 245° and is believed to be ethoxyacetyl-ethoxyacetic ester, 
(CH. (OG) H.) CO CH (0 €, TH.) CO) Cy ie. it colorsifemriecilorid 
violet, dissolves sodium and forms a barium compound. Heated with 
can alkali it gives ethoxyacetic ester. 
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MEYER, VICTOR AND J. ZUBLIN, 1878. 
Ber. 11, 320-324; J. Chem. Soc. 34, 487; Jsb. Chem. 1878, 426. 
Nitroso Compounds of Fatty Series. Part I. 

By the action of nitrous acid on acetoacetic ester a compound C. H, 
NO, was produced. It was liquid even at 25° below zero but after 
standing some months some of it crystallized. Acetyl chlorid has no 
action on it which is one proof of the formula CH, 


co 
CH N=O 
COCs He 


Methyl] acetoacetic ester treated with nitrous acid gives nitroso-methyl 
acetone, CH, CO CH (CH,) NO, which forms white crystals soluble in 
alcohol, ether and chloroform ; it melts at 74°, and boils at 185° 186° 
undecomposed. It is the first nitroso compound whose vapor density 
has been determined. Ethyl-acetoacetic ester treated with nitrous acid 
gives nitroso-ethyl-acetone, CH, CO CH (C, H;) NO, crystals which 
are soluble in alcohol, ether and chloroform and slightly soluble in 
water, it melts at 53°-55° 


ALLIHN, F., 1878. 
Berl, 567-570; J. Chem. Soc. 34, 566; Jsb. Chem: 1878, 707. 
Action of Sulfuryl Chlorid on Acetoacetic Ester. 

This action produces two compounds according to the proportions of 
the chlorid used. If an excess of sulfuryl chlorid act upon acetoacetic 
eer eu COC Cl, CO, C, H., is formed. If molecular quantities of 
mientwo stibstances are taken, CH, CO C HCl CO, CG Hs, is formed 
which isa colorless liquid boiling at 193° to 195° Its specific gravity is 
1.19 at 14° When saponified mono-chlor-acetic ester is produced. 


MEYER, VICTOR AND J. ZUBLIN, 1878. 
Ber. 11, 692-697; J. Chem. Soc. 34, 659; Jsb. Chem. 1878, 726. 
Nitroso Compounds of the Fatty Series. Part II. 


By different manipulations of nitrous acid and methyl-acetoacetic 
ester three bodies were obtained :— 
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1) Nitroso-methyl acetone CH, CO CH (CH;) (NO), 
2) Nitroso-propionic ester CH, CH (NO) CO, C, Hs, 
3) Nitroso-propionic acid CH, CH (NO) CO, H. 
Each one was described, as was nitroso acetone, CH, CO CH, (NO), 
also. 


CONRAD, M., 1878. 


Ber. 1, 1055-1058; J. Chem. Soc. 34, 732; Jsb. Chem. 1878, 743. 
Synthesis of Phenylated Fatty Acids. 
Benzylacetoacetic ester, CH; CO CH (C, H,) CO, C. H,, made from 
acetoacetic ester, sodium ethoxid and benzyl chlorid is a colorless liquid 
with boiling point 276° and specific gravity 1.036 at 15.5’? When this 
is treated with sodium and then with methyl 1odid CH, CO C (CH;) 
(C, H,) CO, C. H; is produced. It is colorless, its boiling point is 287° 
and its specific gravity 1.046 at 23°; when saponified it yields methyl 
benzyl acetic acid, CH (CH,) (C, H,) CO; H. Methyl benzyl acetic 
benzyl ester or methyl-hydrocinnamein, ethyl benzyl acetoacetic ester, 
CH, CO C’(C, He): (CG, -HL), sCO..6, E.; and. benzyl acetostiecinie 
ester CH, 
CO 
(C( Celeb 
CO;.Cr i. CO, C, H, were prepared and described. 


WISLICENUS, J. AND L. LIMPACH, 1878. 


Ann. Chem. 192, 128-135 ; J. Chem. Soc. 34, 783 ;, Ber. I, 1245 ; 
Jsb. Chem. 1878, 720. 
Synthesis of Glutaric (Pyrotartaric) and o-Methyl Glutaric Acids. 


When sodacetoacetic ester is treated with /-iodio-propionic ester, 
CH. 1'CH3 CO; C...H.) aceto-slutanievester, (CH. 
CO 

CH=CH, CH. CO) Cn, 

CO, .C,7 He is produced? 
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It is a colorless oil boiling at 271°-272°, it has a specific gravity of 
1.0505 at 14.12 Treating this with alcoholic potash and then sulfuric 
acid, clutaric acid, CH, CO, H 

CH: 

CH, CO, H, is produced. Methyl-aceto-glutaric 
ester, formed similarly from sodmethylacetoacetic ester boils at 280°- 
281° and has a specific gravity of 1.043 at 20? When this is saponified 
potasstum methyl-glutarate CH (CH,) CO, K 

j CH: 
CH, CO, K is produced which is a crystal- 
line substance melting at 76° The zinc and silver salts were described. 


KRESSNER, G., 1878. 


Ann. Chem. 192, 135-141 ; J. Chem. Soc, 24, 783; Ber. 11, 1245; Jsb. 
Chem-13878, 721 


Synthesis of Pyrotartaric Acid from o-Methyl-aceto-succinic 
Ester. 


a-Methyl-aceto-succinic ester saponified yields pyrotartaric acid 
identical with that produced by Conrad, (Ann. Chem. 188, 226,) from 
8-methyl-aceto-succinic ester. The two equations are (1) @ 


CH, 
CO 
© (CH,)——CH, 
C0, H., - CO, C, H.+3 KOH=CH, CO, K+ 
CH (CH) =CHi 1G, He On 


COr RK CO; K 
(2) 8 CH, 
CO CE. 
CH——-——-CH 


CO, C, H, CO, C,H;+3 KOH=CH, CO, K+ 
CH,——CH (CH,)+2 C, H, OH 
GOs Ki Gon 1c 





to 
to 
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HARDTMUTH, F, 1878. 


Ann: ‘Chem: 192, 142-146; J. Chemsoc, 34; 752; Ber, Mi 1245): 
Jsb: ‘Chem? 187577 726: 


a-3-Dimethyl-acetosuccinic Ester and Symmetrical Dimethyl- 
succinic Acid. 


3-Methyl-acetosuccinic ester CH, 

CO CH, 

Halls! 

CO, R CO, R is treated with sodium 
and then with methyl iodid and thus a-§-dimethyl-acetosuccinic ester 
CH: 

CO CE 
Ci(ClE) er 
COD CO, R was produced. It boils at 270° to 272° and its specific 
gravity is 1 057 at 27? When saponified it gives symmetrical dimethyl 
Stceie acid, (Che sere 

CH CH 

COP ECOL aH 





HUGGENBERG, CARL, 1878. 


Ann. Chem. 192, 146-152; J. Chem. Soc. 34, 782; Ber. If, 1246; 
Jsbi Cheng 15738, 725. 
a-Ethyl-aceto-succinic Ester and Ethyl-succinic Acid. 


When sodacetosuccinic ester is treated with ethyl iodid a-ethyl- 
acetosuccinic ester CH, 


CO 
Ci(Cx Hi.) ene 
CO, R €O7 KR results: “It boils at26auto 265% 


and sodium will not act upon it. When this is saponified ethyl- 
succinic acid is produced which melts at 98° The barium, calcium and 
silver salts and ethyl ester of this acid were described. 


J 
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“CONRAD, M. AND LEONARD LIMPACH, 1878. 
Pani Chem. 192, 153-160; Ber. -11, 1246; -J. Chem. Soc. '34,~-781:; 
Jsb. Chem. 1878, 706. 
Improved Method of Production of Mono= and Di-organic 
Substituted Acetoacetic Esters. 
‘Add'the ester to a solution of sodium ethoxid made by dissolving 
‘sodium in absolute alcohol and then add the alkyliodid. The products 


- are obtained very free from the byproducts which .are formed:in the 
vusual methods. 


-PRECHT, H., 1878. 


Ber. 11, 1193-1195; J. Chem. Soc.*34, 970; ‘Jsb. Chem. 1878, 706. 
Action of Ammonia on Acetoacetic Ester. 
By this:action the compound Cs H,, NO, is formed. It is insoluble 
iin water, soluble in alcohol.and ether, and is decomposed by heating. 
It is probably an amid and is isomeric, not identical with the substance 
»which Geuther obtained and called ammonium ethylene-dimethylene 
‘ carbonate.* 


~ *See pages 1 and 6. 


“HARROW, GEO. H. U., 1878. 
_J. Chem. Soc. °33,:425-438 ; Ann. Chem.-201, 141 ;:Jsb. Chem. 1878,-731. 
Pyrotritartaric and Carbopyrotritartaric Acids. 





Diacetosuccinic ester CH, Ose 
CO CO 
CH CH 


CO, C, H; CO, C, H; made from sodacetoacetic 
‘ester and iodm, is ‘crystalline and melts at 78°-79° ‘This treated with 
‘dilute sulfuric acid yields the two acids, pyrotritartaric or uvic C, Hs O, 
“melting at 135°-136° and carbopyrotritartaric, Cs Hs O; which melts at 
2230°-231° Carbopyrotritartaric acid heated gives pyrotritartaric acid 
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and carbon dioxid. Carbopyrotritartaric acid fused with potassium 
hydroxid gives succinic and acetic acids. The formula assigned to 
carbopyrotritartaric acid is CH, CO CH CO, H 

CH—C=C=H, 

CO—O, and the one assigned to 
pyrotritartaric acid is CH, 


CO 
CH—CH=C=CH, 
COZ EH 


ZUBLIN, J., 1878. 


Ber. 11, 1417-1420; J. Chem. Soc. 34, 879; Jsb. Chem. 1878, 811. 
Azobenzene=acetoacetic Acid. 
This name is proposed for what V. Meyer calls Azo-phenylacetoacetic 
acid* (Ber. 10, 2075.) CH, 
CO 
CH—N=N—(C, H; 
CO, H. The potassium, barium, lead, silver and 
copper salts and ethyl! ester are described and also paraazotolusl-aceto- 
acetic acid) CH, CO CHM(N: CE eC.) CO, Hy -and its cethiy ester 





*See page 17. 


BANDROWSKI, E., 1879. 
Ber. 12, 344-346; J. Chem. Soc. 36, 523; Jsb. Chem. 1879, 628. 
Behavior of Dibromsuccinic Acid with Water. 
At high temperatures water decomposes dibromsuccinic acid by 


abstracting hydrobromic acid. Two acids are left, one with a boiling 
point between 129° and 130° which is bromomaleic acid, the other one 


boils at 172° 


HILGER, A., 1879. 
Ann. Chem. 195, 314-317; Ber. 12, 664; J. Chem. ‘Soc. 36, 560; Jsb. 
Chem. 1879, 1081. 
Detection of Acetoacetic Ester in Urine. 
Acetoacetic ester was found in the urine of diabetic patients to the 
amount ‘of .0399 to .1909 1n 100 parts. 
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KONIG, HEINR., 1870. 


Ber. 12, 768-770; J. Chem. Soc. 36, 706; Jsb. Chem. 1879, 662. 


Action of Hydrocyanic and Hydrochlorig Acids on Methyl-aceto- 
acetic Ester. 


Just as these acids act on acetoacetic ester to produce oxypyrotartaric 
acid so they act on methyl-acetoacetic ester and produce the next high- 
einomologue, Oxyadipic acid thus: CH, CO CH (CH,) CO,C, H.+ 
eel COOH (CN) CH (CH,) CO, C, Hz and then CHa © OH 
fenehHe (CH) CO; C, H.-+2 HCi+2 HH, O—CH,'COH (COL) CH 
fen) CO, H--N HH, Cl-+C, H, Cl. 


LADENBURG, A. AND L. RUGHEIMER, 1879. 
er. 12, 953-9545 J. Chem. Soc. 36, 715; Jsb. Chem. 1879, 435. 


Acetoacetic Ester Derivatives of Ortho-tolylendiamin. 


Ortho-tolylendiamin Cs H, CH, (NH.), reacts with acetoacetic ester 
cororm C, Hi, CH tS c = CO, C, H;, a solid, melting at 82° 


It is insoluble in water, soluble in alcohol and such solvents; when heated 


it decomposes into ethenyl-tolylendiamin C, H, CHa ace EL, 
ae 


a solid which melts at 198°-199° 


ALLIHN, F., 1879. 


Ber. 12, 1298-1300; J.-Chem. Soc. 36, 915 ; Jsb. Chem. 1879, 627. 
Chlorinated Metal Derivatives of Acetoacetic Ester. 
The chlorinated metal derivatives, corresponding to the formula 
pene CO CCl CO, C, H.). M, ‘may be produced by shaking the 
monochlor-acetoacetic ester with an ammoniacal solution of the salt. 


The copper, magnesium, nickel, and cobalt salts were described. The 
dichlor-acetoacetic ester will give no metal derivatives. 
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JOURDAN, FRIEDRICH, 1879. 
Ann. Chem. 200, 1ro1-119; J. Chem. Soc. 38, 313; Jsb. Chem. 1879, 668. 
Mono- and Di=-heptyl-acetoacetic Esters. 

Acetoacetic ester treated ‘with heptyl iodid, C, Hi; 1, and sodium 
ethoxid forms heptyl-acetoacetic ester, CH, CO CH C, H,. CO, CG H., 
a colorless oil which boils at 271° to 273° and has a specific gravity of 
.9324 at 17.12 This was saponified and heptyl acetone, CH, CO CH, 
C, H,;, boiling at 214°-215°, with a specific gravity of .829 at 17.7°, 
and heptyl-acetic acid, identical with nonyl acid, were produced. Di- 
heptyl-acetoacetic ester was made in the similar way, and from this 
methyl diheptyl carbin ketone (diheptyl acetone), CH, CO CH (C, 
H,.)2, and diheptyl acetic acid, CH (C, H,,), CO. H, were produced. 


VENABLE, F. P., 1880. 
Ber. 13, 1649-1652; Jsb. Chem. 1880, 438. 
Derivatives of Heptanes. 
Heptyl-acetoacetic ester was produced by the Conrad and Limpach 


method, it boils at 250° to 260? When saponified it yielded methyl 
octyl ketone, CHCO CH CECE: 

C. H,;, which boils at 196° to 198: 
This formula was assigned to it because the heptyl bromide, C; H,;, CH 
Br CH,, was used to start with. 


MORRIS, GEO. H., 1880. 


J. Chem, Socs.37,/6-14- Berets 427 >) \sb Chem 1Sso.neus: 
a-Methyl-hydroxy-succinic Acid. 
Acetoacetic ester treated with hydrocyanic acid and then with hydro- 
chloncacid gives; CHC (OM) CEe Icon: 

CO, H a crystalline substance, soluble in water, 
alcohol and ether which melts at 108° It is the same acid as Demarc- 
ay’s oxy-pyrotartaric described in Compt. rend. 82, 1337. The barium, 
calcium, potassium, silver, lead and copper salts were described. The 
three isomeric acids of this formula were shortly discussed. 
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DEMARCAY, E., 1880. 


Bull. Soc. chim. 33, 516-525 and 575-580 and 34, 31-37; J. Chem. 
Soc. 38, 625. 


Tetric and Oxytetric Acids and their Homologues. 


Methyl-acetoacetic ester when treated with bromin forms two com- 
pounds, .Cli CO! C(CH,) Br CO, C, H. and ‘CHy-Br COrC (CH) 
BimcO: C,H... «If these are allowed to stand they form CH, CO C 
KCl) br and CH. Br CO C (CH,) Br H, butt treated with 
alcoholic potash they form tetric, 3 C, H, O,+H, O, and oxytetric acids, 
ac, ©,--H, ©, Three sets of salts of tetrieacid are formed, () 
Rime eo On(2) Ba ©, 2C, H, O;: (4) 29M On Gn HO: 
Phosphoric pentachlorid with tetric acid forms C, H, OCI, which when 
treated with chlorin gives C, H, Cl, O. 

In the above manner, from the alteyi substituted acetoacetic esters, 
the following acids and many of their salts were produced ; pentic, 3 
aro. HO > hexic) 34,C, Hs O,-+H,. O ; heptic, 3°C, Hi. ©2-- He 
Orroxy peutic, 3 C,°H. O,--H, O; oxyhexic, 3 Ce Hg O,--H. 0); 
oxyheptic, 3 C, H, O,+H,. O, and isohexic and isoxyhexic. The 
constitution of these was worked out to be ; 

CH,—CH, CH,—CH (CH,) 
CO —CO and CO —CO ete: 


HOFMANN, OTTO, 1880. 


Ann. Chem. 201, 73-89; Ber. 13, 431. 


Action of Zinc and Allyl lodid on Acetoacetic and Diethyl-aceto- 
acetic Esters. 

The action is the same as with sodium and an alkyl halogen, that is, 
with acetoacetic ester the mono- and the di-alkyl acetoacetic esters are 
produced ; Cs H, (C; H;) O; and Cs Hs (C; H;)2 O3. when allyl iodid 
is used. When the diallyl acetoacetic ester is treated with zinc and 
allyl iodid, diallyl acetic ester, CH (C, H;). CO, C, H; is produced. 
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GUTHZEIT, MAX, 1880. 


Ann. Chem. 204, 1-14; Ber. 13, 1983; J. Chem. Soc. 38, 871 ; Jsb. 
Chem. 1880, 827. 


Octylic-acetoacetic Ester and its Derivatives. 


Sodacetoacetic ester treated with octylic iodid, Cs H,, 1, gives octy- 
iteacetoacetic ester, CH, CO CH (Ciao )sCO7C, H.7 which @boillsear 
280° to 282° and has a specific gravity of .9354 at 18.5° It yields the 
two usual saponification products, methyl nonyl ketone CH, CO C H, 
(Cs H,,), which boils at 224° to 226°, and octylacetic acid CH, (Cs H,,) 
CO, H which is capric acid which boils at 265° to 267° ‘The barium 
and calcium salts and ethyl ester of this acid were described. 
Di-octyl-acetoacetic ester is formed by further treatment of the 
monoctyl derivative with sodium and octyl iodid, it boils at 340° to 342° 
This upon saponification gives dioctylacetone, boiling at 325° to 330° 
and dioctylacetic or isostearic acid which melts at 37°-38° and boils at 
270° to 275° under 100 m. m. pressure. The barium and silver salts 
and ethyl ester were described. 


BOCKING, EDUARD, 1880. 


Ann. Chem. 204, 14-26; Ber. 13, 1983; J. Chem. Soc. 38, 872. Jsb. 
Chem. 1880, 812. 


Two New Syntheses of Ethyl-methyl-oxy=acetic Acid. 


(1) From ethyl-methyl ketone, C, H, CO CH,, by treating it with 
hydrocyanic acid and then with hydrochloric acid, C (C2 H,) (CH;) 
(OED) CO, Hi, is-produced: 

(2) From ethyl-methyl-acetic acid (active valeric) which was 
obtained from ethyl-methyl-acetoacetic ester by saponification. CH 
(CH,) (C, H,) CO, H boils at 170° to 175°, when treated with bromin, 
a brom-ethyl-methyl-acetic acid is produced and this with water gives 
ethyl-methyl-oxy-acetic acid, C (C, H,;) (CH,) (OH) CO, H. 
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WISLICENUS, J., 1880. 


Ann. Chem. 206, 308-313 ; J. Chem. Soc. 40, 409; Ber. 14, 843; Jsb. 
Chem ij1ss1, 502 ; Bull. Soc. chim,)367 657: 


Decomposition of Polybasic Acetoacetic Esters by Alkalis. 


By a great number of experiments it was found that the proportion 
of ketone or ketonic acid and carbonate increased with the dilution of 
the alkali and the proportion of acetates or substituted acetates increased 
with the concentration of the alkali ; also that isomers do not give the 
same proportions of like products. 


BISCHOFF, CARL, 1880. 


fan, Chem, 206, 313-337; J. Chem. Soc. 40, 412; Jsb. Chem. 1881, 
744; Ber. 14, 844. 
Two Homologues of Aceto-propionic Acid. 
f-Aceto-isobutyric or ¢-methyl-aceto-propionic acid, CH, CO CH, 
CH (CH,) CO, H, and f-aceto-butyric acid, CH, CH (COCH;) CH, 
CO. H, were described together with their production and their salts. 


CLAISEN, L., 1881. 


Ber. 14, 345-349; J. Chem. Soc. 40, 405; Jsb. Chem. 1881, 580 ; Bull. 
Soc. chim: 36, 357. 


Condensation of Aldehyde with Acetoacetic Ester. 


The condensation is effected by passing hydrochloric acid gas through 
a mixture of the substances. With acetaldehyde, acetethylidenacetic: 
Perec, COiC\(CH CH,) CO, C, H,, 1s produced. It) boils at 210° 
to 212° and will take up two molecules of bromin. Acetobenzyliden- 
acetic ester, CH, CO C (CH C, H;) CO, C, H,, produced similarly from 
benzaldehyde boils at 295° to 297° This also willtake up two molecules 
of bromin. 
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GABRIEL, S., 1881. 
Ber. 14, 919-927; J. Chem. Soc. 40, 733; Jsb. Chem. 1881, 798; 
Bull. Soc. chim. 36, 598. 
Condensation Products of Phthalic Anhydrid. 
Acetoacetic ester, phthalic anhydrid, Cs H, (CO). O, and sodium 
acetate react together to form ortho-tri-benzoyl-benzene, C., H,. O,, 
and a compound, C,, Hg O., the composition of which is unknown 
which boils at 209 to 211 Ortho-tribenzoyl-benzene has the constitu- 
tion :— c CO 
Ta | 
Coy © CC ari 
| | | 
CO—— C C—CO 
\ | 
Cc Ce Hy 





/ 





HANTZSCH, A., 1881. 
Ber. 14, 1637-1638; J. Chem. Soc. 40, 1028; Jsb. Chem. 1881, 586; 
Bull. Soc. chim. 36, 569. 
Condensation Product of Aldehyde-ammonia and Acetoacetic 
Ester. 

Acetoacetic ester treated with aldehyde-ammonia in presence of zinc 
chlorid gives C,, H.; NO, which melts at 131° and boils at 310? Boiled 
with hydrochloric acid it is entirely decomposed, treated with dry hy- 
drochloric acid gas it gives two bases, C,;, H,, NO., and Cs Hi, N. It 
combines with bromin to form C,, H;, Br, NO,, and this treated with 
nitric acid gives C,, H,; Br, NO,, which melts at 102°. C,, Hz: NO, can 
be oxidized to the base, C,, H,;, NO,, which is the ester of collidine- 
dicarboxylic acid and has the formula C. N (CH,), (CO, C. H;)>. 


DEICHMULLER, A., 1881. 
Ann. Chem. 209, 22-30 ; J. Chem. Soc. 40, 1162 ; Jsb. Chem. 1881, 1054. 
Diabetic Urine. 

The author decides that the substance in diabetic urine which 
produces a red color with ferric chlorid is acetoacetic acid, not the ester 
of that acid because by acidification and distillation acetone but no 
alcohol is obtained. 
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TOLLENS, B., 1881. 
Ann. Chem. 209, 30-38 ; J. Chem. Soc. 40, 1162 ; Jsb. Chem. 1881, 1054. 
Diabetic Urine. 
The author decides that the substance in urine of diabetic 
patients which gives a red color with ferric chlorid is not acetoacetic 
ester as is claimed, but the free acid of that ester. 


THORNE, L. T., 1881. 


J. Chem. Soc. 39, 336-344; Ber. 14, 2238, Jsb. Chem. 1881, 759. 
Products of the Action of Alkalis on $-Ethylaceto-succinic Ester. 
Acetoacetic ester treated with a-brom-butyric ester gives #-ethyl- 


aceto-succinic ester, CH, Ca. 
CO 
CH CEH 





CO, C,H, CO. C, H;, which boils at 263° and has 

a specific gravity of 1,064 at 16° When this is treated with an alkali 
ethyl-succinic acid is formed which is identical with that produced from 
a-ethyl-aceto-succinic ester, CH, 

CO 

CC, H, CH 

COAG EL: CO, C, H;, by Huggenberg 
(Ann. Chem. 192, 146.) and also a-ethyl--aceto-propionic acid, (CH, 
=o) CH, CH (C, Hz) CO; H. 





BURTON, BEVERLY S., 1881. © 


Ain, Chem. J. 3, 385-395; J. Chem. Soc. 42, 599; Ber. 15;.949; Jsb. 
Chem. 1882, 653. 
On the Propyl Derivatives and Decomposition Products 
of Acetoacetic Ester. 


Propyl-acetoacetic ester is a liquid which boils at 208° to 209° 
and has a specific gravity of .g81 at o? 

Di-propyl-acetoacetic ester boils at 235° to 236° and has a specific 
gravity of .958 ato? Quantitive experiments were made in the saponi- 
fication of these esters and results were obtained, similar to those of 
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i 


Wislicenus,* which are given in a table. Di-propyl-acetic acid boils 
at 219.5° and has a specific gravity of .g215 ato’ Di-propyl-acetone 
boils at 173° to 1742 Sodium amalgam acting upon di-propyl-aceto- 
acetic ester failed to produce di-propyl-§-oxy-butyric acid as was 
expected but decomposition resulted. 





*Ann. Chem. 186, 161. See pages Io and 29. 


WISLICENUS, J., 1882. 


Ann. Chem. 212, 239-250; J. Chem. Soc. 42, 934; 
Jsb2 Chem? 18325270. 


Comparisons of the Combining Energies of the Halogens and 
Sodium with Different Organic Residues. 


Many experiments were performed with acetoacetic esters and 
the following results formulated : 

1) Towards similar organic residues the combining energy of chlorin 
is greatest and of iodin is the least. 

2) Among compounds of the same halogen with isomeric radicals, 
the primary show the least and the tertiary the greatest combining 
energy. 

3) The combining energy of iodin for alcohol radicals of the same 
category (primary or secondary) increases with the molecular weight 
(addition of CH,) this increase being the reciprocal of the increase of 
the molecular weight. 

4) The combining energy of the halogen is considerably less when 
the residue is an unsaturated primary alcohol radical (allyl for example) 
but is considerably increased when the halogen is united to a primary 
but unsaturated carbon atom (vinyl iodid for example.) 

5) A diminution of combining energy is produced by linking of CH, 
group united with the halogen to carboxy]. ‘The author also shows 
that the combining energy of the sodium in the sodium-acetoacetic 
esters is greater than that of the sodium in the sodium-alkyl-acetoacetic 
esters: 
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WLEUGEL, S., 1882. 


Ber. 15, 1050-1056; J. Chem. Soc. 42, 949; Jsb. Chem. 1882, 839; 
Bull. Soc. chim. 38, 389. 


Upon the Knowledge of Nitroso-acetoacetic Esters. 


Since of the three compounds formed by the treatment of acetoacetic 
ester with nitrous acid, namely: (1) the nitroso-acetoacetic ester ; (2) 
nitroso—propionic acid and (3) nitroso-acetone, only the second can be 
reduced to an amid, while the third forms a ketine, the author in- 
vestigates the action of nascent hydrogen on the first, nitroso-aceto- 
acetic ester, and obtained a dibasic acid which he calls ketindicarboxylic 
acid, Cs Hs N,O,. The barium, silver, potassium, ammonium and 
lead salts were described. The author advances the structural for- 
mula 

N 
tas 
CHic —— C. CO, 
CH. is CrCOreE 
Ne 
N 


PROPPER, MAX, 1882. 
Ber 151154 37 J); Chem. Soci 42; 1193: 


Action of Fuming Nitric Acid on Acetoacetic and on Mono=-chlor- 
acetoacetic Esters. 


A preliminary notice stating that the author has obtained nitroso- 
acetic and mono-chlor nitrosoacetic esters by these reactions. 
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HANTZSCH, A., 1882. 


Ann. Chem, 215, 1-82; J. Chem. Soc. 44, 82; Ber. 15, 2912; Jsb. 
Chem. 1882, 491. 


Synthesis of Pyridin Derivatives from Acetoacetic Ester and 
Aldehyde=-Ammonia. 


The condensation product of acetoacetic ester and aldehyde-ammonia 
is dihydrocollidin-dicarboxylic ester, 


(Cis 


ce 
Vas 
CO; Cee. C—H C— CO, C2 
CH, €— it a — CH. 
Nesey 
N 
The author describes this and many of its derivatives. 


CERESOLE, M., 1882. 


Ber. 15, 1326-1328; J. Chem. Soc. 42, 1052 ; Jsb. Cheme 18827 755e 
Bull. Soc. chim. 38, 390. 
Nitrosoacetone and Acetoacetic Acid. 

By allowing a mixture of acetoacetic ester and potassium hydroxid 
to stand a day and then treating it with an acid, acetoacetic acid is 
produced. This is the first production of it. It is a colorless liquid, 
mixes with water and is strongly acid. It is very unstable, decompos- 
ing at less than 100° 


DUISBERG, C., 1882. 


Ber. 15, 1378-1388; Ann. Chem. 213, 133-181; J. Chem. Soc. 42, 
1192; Jsb. Chem. 1882, 841 ; Bull. Soc. chim. 38, 391. 


Contribution to the Knowledge of Acetoacetic Ester. 


By treating acetoacetic ester with bromin the author cannot get Lipp- 
mann’s dibrom addition product or Conrad’s dibrom addition dibrom 





DCEO: ACETICN ESHER 35 


substitution product but gets the five successive substitution products 
and describes each one. ‘The monobrom product treated with ammonia 
gives Cs Hg O;, the ethyl ester of an acid which the author names oxy- 
tetrolic. ‘This ester is also produced if sodium act in place of ammonia, 
and the acid can be obtained by treating the ester with sodium hydroxid. 
Oxytetrolic acid has just half the molecular formula of Herrmann’s suc- 
cinosuccinic ester (Ann. Chem. 211, 306). Passing ammonia through 
acetoacetic ester gives a substance which melts at 20° to 21° which the 
author calls paramidoacetoacetic ester. Passing hydrochloric acid gas 
through acetoacetic ester gives a substance Cs H,. O;, which boils at 
290° to 295° and the author calls it carbacetoacetic ester. 


GOTTSTEIN, L., 1882. 


Ann. Chem. 216, 29-38; J. Chem. Soc. 44, 454; Ber. 16, 403; Jsb. 
Chem. 1882, 869. 


Two New Caprolactones. 


When acetoacetic ester is treated with a brom propionic ester; 
acetoisobutyric acid can be obtained, and when sodium amalgam acts 


upon this, « methyl valero-lactone, cH ,cH<GR*> CHCH, is formed. 


8 Methyl valero-lactone, C24, Ste CH,, can be formed in an 


impure state by the action of sodium amalgam on #8 acetobutyric acid, 
CH,CH(C.H,0)CH.CO.H, which is formed from acetosuccinic ester. 


JAKSCH, R. v., 1882. 
Ber. 15, 1496; J. Chem. Soc. 42, 1120; Jsb. Chem. 1882, 1219. 


Occurrence of Acetoacetic Acid in Urine. 


The substance occurring in diseased urine, which gives a red color 
with ferric chlorid, is proven to be acetoacetic acid. 
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HALLER, A. AND A. HELD, 1882. 


Compt. rend. 95, 235 -237; J. Chem. Soc. 42, 1280; Jsb. Chem. 1882, 845. 


Cyanacetoacetic Ester and its Derivatives. 


Cyanacetoacetic ester, CH; CO CH (CN) CO,C, H;, was produced 
by passing cyanogen chlorid into sodacetoacetic ester. It is a solid, 
melts at 26° and remains in a superfused condition even at—15°; the 
liquid has a specific gravity of 1.102 at 197 Potassium hydroxid de- 
composes it. The sodium and calcium derivatives were described. 


SCHMID, WILHELM, 1882. 
J. prakt. Chem. 133, 81-83. 
New Method of Producing Resocyanin. 
Acetoacetic ester and resorcin react in the presence of zinc chlorid to 


form resocyanin, which is: CsH,(OH).C(CH;) : CHCO.H [C: OH: 
Oba: 2. 44) 


WITTENBERG, MAX, 1882. 


J. prakt. Chem. 134, 66-78 ; J. Chem. Soc. 42, 1289; Ber. 15, 2908 ; 
Jsb. Chem. 1882; 7163; Bull. Soc. chim. 39, 72. 


Resocyanin and the Action of Acetoacetic Ester on Phenols in 
Presence of Dehydrating Agents. 


Pyrogallol, C.H,(OH),, and acetoacetic ester react in the presence of 
sulfuric acid to form allylene-digallein, C;;H,2O¢, which melts at 235° 
OH 
and has the constitution : CeH, ees Cee 

= iC 


| 
ort eee. 
{OH  Iforcinol, CsH,(CH,)(OH)., 
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be used, a substance is produced which answers either to the formula 


\ CH,—CH, 
OH ie a 
OH i 


CH = CH, or to the formula C,,H,;, 
CH,— CH = CH. 


O,, which is CsH, + OH | OH: > CoHe 
NOEGm OW } 
Or : OH 
eaten) 1 on }.caH: 


CH, — CH — CH, 


CERESOLE, M., 1882. 


Ber. 15; 1871-1878 ; J. Chem. Soc. 44, 41 ; Jsb. Chem. 1882, 860; Bull. 
Soc. chim. 39, 35. 


Acetoacetic Acids. 


Acetoacetic acid, methyl-, dimethyl- and benzyl-acetoacetic acids 
were prepared by treating their esters with an alkali in the cold, proving 
this to be an intermediate action in the ordinary saponification of these 
esters. The ease with which these compounds decompose, as they do 
below 100°, is attvibuted to the position of the carbonyl and carboxyl 
groups separated by only one methylene or alkyl substituted methylene 


group. 


CONRAD, M., 1882. 
Ber. 15, 2133-2134; J. Chem. Soc. 44, 177; Jsb. Chem. 1882, 845. 


Halogen Substituted Acetoacetic Esters. 


The author admits that his formerly described dibrom-acetoacetic 
dibromid * is probably only Duisberg’s tetrabrom-acetoacetic ester. f 





* See page It. 
T See page 34. 
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LIPPMANN, E., 1882. 
Ber. 15, 2142—2144. Jsb. Chem. 1882, 845. 
The Position of Bromin in Acetoacetic Ester. 


The author insists upon the correctness of his former statement, 
which Duisberg denies, that a dibrom-addition dibrom-substitution 
product of acetoacetic ester, Ce Hg Br, O; Br., exists. 


MATTHEWS, A. E. AND W. R. HODKINSON, 1882. 


Ber. 15, 2679; J. Chem. Soc. 44, 311 ; Jsb. Chem. 1882, 839. 
Production of Acetoacetic Ester. 
Monochlor acetone, CH, CO CH, Cl, was treated with- potassium 


cyanid and the cyanid of acetone, CH; COCH, (CN), was obtained. 
This, when treated with hydrochloric acid, gave acetoacetic ester. 


YOUNG, SIDNEY, 1882. 
Ann. Chem. 216, 45-52; J. Chem. Soc. 44, 456; Ber. 16, 405 ; Jsb. 
Chem. 1882, 883. 
Peculiar Decomposition of Substituted Acetoacetic Esters. 
ae ena 


| 
When f-ethyl-aceto-succinic ester, Cr , is heated 





CO 
CE | 
CO, C, H, CO; Coe 


it breaks down into ketolactonic ester which can be changed into keto- 


Cr eo er 0 

ic oe 

lactone acids a 9° ; Or 
. CHC HL Wien Crista: 





| ] 
COTTE CO, H 
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JANNY, ALOIS, 1882. 
Ber. 15, 2778-2783. 
Acetoxim. 


Near the close of this article the author records having treated 
acetoacetic ester with hydroxylamin and obtaining a very stable, nitro- 
genous acid body. 


JAPP, FRANCIS R. AND F. W. STREATFEILD, 1883. 
J. Chem. Soc. 43, 27-34. 


Condensation Product of Phenanthraquinone with Acetoacetic Ester. 


These substances will condense in presence of either ammonia or 
an alkali, preterably the latter, to form phenanthroxylene-acetoacetic 
ester which is :— 


Be H.—c: Cato GH. 


C, H, Zeo 

It was reduced by hydriodic acid by which the acetyl oxygen was 
removed giving phenanthroxylene-isocrotonic ester. This was dis- 
solved in an alkali and by adding an acid another substance was pro- 


duced which was: -CH : CHe 


It decomposes at 184.5 —185.5 


&, a coon 
The investigation is being continued. 


PROPPER, MAX, 1883. 
Ber. 16,67; Ann. Chem. 222, 46 ; J. Chem. Soc. 44, 573; Ber. 17, 14 (c). 


Action of Fuming Nitric Acid on Acetoacetic and on 
Mono=-chlor=-acetoacetic Esters. 


The author has decided after further study that the two compounds, 
moi, O, N and C,H, ClO, N, obtained by these reactions are oximido 
CreoN =) OF CCl -aNi- "© it 


bodies, | mania: if , not nitroso bodies, as he 


Onc; He CO,\€; He 
thought at first. His principal reason for this belief is that no cor- 
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responding body can be formed from the dichlor-acetoacetic ester as 
should be the case if it were the monad nitroso group which was intro- 
duced. 


CLAISEN, L. AND F. E. MATTHEWS, 1883. 


Ann. Chem. 218, 170-185; J. Chem. Soc. 46, 443; Jsb. Chem. 1883, 
963; Bull. Soc. chim. 40, 473. 


Condensation of Acetoacetic Ester with Aldehydes. 


By treating acetoacetic ester with aldehydes, the following two com- 
pounds are formed, the first one much more easily than the second, 
CH CO Cac CHR) ‘CO; Cee eand. CH... G CHR) COCH COr Cre 
Acet-ethylidenacetic ester, CH; COC : (: CHCH,) CO, C, H;. made by 
passing hydrochloric acid gas through a mixture of acetoacetic ester 
and aldehyde is a colorless liquid which boils at 210? to 212? * Tis 
specific gravity is 1.022 at 15° It easily changes back into aldehyde 
and acetoacetic ester. The following were prepared and described. 
Acetisobutylidenacetic ester, Cs Hs (C, Hs) O;; acetisamylidenacetic 
ester, Cs Hs (C; Hio.)O3; acet-trichlor-ethyliden acetic ester, Cs Hs (Cz 
HCl,) O;, which is @ aceto-trichlor-crotonic ester; aceto-furfural acetic 
ester, Cs Hs (C; H, O) O3, which is # acet-furfuracrylic ester; aceto 
benzal acetic ester Cs Hs (CHCsH;) O;, which is @ acet-cinnamic 
ester; benzal-acetoethylacetic ester, Cs H; CH: CHCOCH (C, H;) 
CO,C,H,; and benzalacetodiethylacetic ester, C> H; CH : CHCOC 
(C,H); CO_@, He: 


DUISBERG, C., 1883. 
Ber. 16, 133-139; Jsb. Chem. 1883, 1112. 


Converting Acetoacetic Ester into Succinosuccinic Ester which 
is Convertable into Hydroquinone. 


Succinic ester, made from acetoacetic ester, was treated with sodium 
and sodium succinosuccinic ester, C;,H;,06Na., prepared. As in dry 
acetic ester, the sodium caused no reaction even at 100° until some 
sodium ethoxid was added. Sodium succinosuccinie ester which has 
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mer: COCHCO, C, H. 
the formula | | 
Cre TOUCH CO, CH. 


be identical with the substance produced from brom-acetoacetic ester 
and sodium. This can be changed into hydroquinone, C,H, (OH)., 
so that these reactions show a case of changing an acid of the fatty 
series (acetic) into a benzene ring. 


melts at 127° and was found to 


PERKIN, Jr., W. H., 1883. 
Ber. 16, 208-210; Jsb. Chem. 1883, 1015; Bull. Soc. chim. 40, 46. 


Action of Trimethylene Bromid on Sod=-acetoacetic Ester. 


This reaction gives acetotetramethylene carboxylic ester, 


pl 
7 ere 
| 
COC. ie 
which boils at 223° to 225° From this the acid and the silver salt 
of the acid can be obtained. 


¢ PCr 


DUISBERG, C., 1883. 
Ber. 16, 295-297 ; J. Chem. Soc. 44, 656. 
Addition of Bromin to Acetoacetic Ester. 
This article is a reply to Lippmann and Conrad on this subject. The 


author declares that acetoacetic ester is saturated and cannot form an 
addition product. 


CHANCEL, G., 1883. 


Compt. rend. 96, 1466-1470 ; J. Chem. Soc. 44, 914 ; Jsb. Chem. 1883, 
1078; Ber. 16, 1495. 
New Method of Synthesis of Alkylnitrous Acids. 


Acetoacetic ester and its alkyl derivatives are treated with nitric acid 
and then with alcoholic potash when the nitrites are formed. ‘Treated 
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in this manner acetomethyl-acetic ester yields potassium ethyl nitrite, 
CH,C(NO.),.K. Ethyl-acetoacetic ester gives potassium propyl nitrite, 
CH, CH,C(NO,),K.  Propyl-acetoacetie ester boils; at) 212, 0a 
750 ™-™. pressure and has a specific gravity of .g7g ato? When treated 
with nitric acid it gives potassium butyl nitrite, CH, CH, CH,C(NO.;), 
K. By acidifying the latter butyl nitrous acid is obtained, which boils 
with some decomposition at 197° and has a specific gravity of 1.205 
at 15° 


HANTZSCH, A., 1883. 
Ber. 16, 740-742 ; J. Chem. Soc. 44, 1083. 
Condensation Products of Acetoacetic Esters. 


Strong sulfuric acid acting on acetoacetic ester produges (1) mesityl- 
oxid-di-carboxylic ester, C,H, <6 C, Hs (2) mesityl-oxid-anhydro- 
GOR OR sl 


5 


dicarboxylic ester, Ce Hg Ore Ci, aud 
SOs 


Sok Onn com 


(3) a crystalline body, polymeric with dehydracetic acid which is a 
dibasic acid, the formula for which is probably C,, H,,O,; the name 


metadehydracetic acid is proposed for it. Ammonia acts on mesityl- 
oxid-anhydrodicarboxylic ester to forma salt Cs Hs O NH,< On < HS 
2 4 


which with hydrochloric acid gives Cs Hs O0< ae a fo which in turn 


can be saponified to Cs Hs O< a = 


CERESOLE, M., 1883. 
Ber. 16, 830-832. 
Diethyl-acetoacetic Acid. 


Diethyl-acetoacetic ester is allowed to stand several weeks with a 
10% solution of potassium hydroxid, the salt produced is treated with 





a ae 


ey 
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hydrochloric acid and diethyl-acetoacetic acid, CH,;COC(C, H;). 
CO, H, is thus produced. It is very unstable, decomposing at 60 into 
fietayi-acetone, CH, CO CH (C, H;)., which boils at 135° to 137° 
Diethyl-acetoacetate of sodium was produced. 


ELION, H:,. 1883. 
Rec.* trav. chim. 2, 33-34 and 202-204 ; Ber. 16, 1368 and 2762. 
Diacetyl-acetic Ester. 


By treating ethyl-acetoacetic ester with water-free, sodium hydroxid 
and the product with acetyl chlorid, ethyl-diacetyl-acetic ester was 
produced, it boils at 235° Acetoacetic ester treated thus gives diacetyl- 
acetic ester which boils at 210° to 213° with some decomposition, its 
specific gravity is 1.1 at 15° It is decomposed by boiling with water. 





* Original article not consulted. 


MATTHEWS, F. E., 1883. 
J. Chem. Soc. 43, 200-207 ; Ber. 16, 1372. 


Condensation Products of Aldehydes with Acetoacetic Ester and 
some Substituted Acetoacetic Esters. 


This article is almost the same as the one by Claisen and Matthews 
in Ann. Chem. 218, 170. ‘The author concludes that all aldehyde 
condensations with acetoacetic ester take place with the methylene 
group and are easily accomplished because of the position of the 
methylene group between the carbonyl and carboxyl groups, but that 
such condensations with mono-or di-substitution acetoacetic ester take 


place in the methyl group and consequently are more difficult to ac- 
complish. 





{ See page 4o. 


44 BIBLIOGRAPHY OF 
PERKIN, Jr., W. H., 1883. 


Ber. 16, 1787-1789; J. Chem. Soc. 44, 1083; Jsb. Chem. 1883, 1015. 


Action of Trimethylene Bromid on Acetoacetic, Benzoylacetic 
and Malonic Esters. 


By the action of trimethylene bromid on acetoacetic ester, aceto-tetra- 


CH, 
| 
ee 


methylene carboxylic ester, C <i CH., is formed which is isomeric 
| 2 


CO; Cat 
but not identical with allyl-acetoacetic ester. From this is obtained 
aceto-tetramethylene, CH,COCH (CH,);, which boils at 109°- 110? 
Gast 
| 
me 


Benzoyl-tetra-methylene carboxylic ester, ¢ S <C> CH. was formed 


co, CH, 


from tri-methylene-bromid and benzoyl-acetic ester and from it the acid, 
the silver salt and benzoyl-tetra-methylene, Cs H, CO CH (CH,),. were 
obtained. 


WEDEL, WILHELM, 1883. 


Ann. Chem. 219, 71-119; J. Chem. Soc. 46, 834; Jsb. Chem. 1883, 
1060; Bull. Soc. chim. 41, 181; Ber. 16, 2288. 


Derivatives of Acetoacetic Ester. 


By treating dibrom-acetoacetic ester with sodium, an ester, Cs H, 
O;, is produced and from this its acid, C,H,O;. These resemble in 
properties Duisberg’s oxytetrolic acid and ester, but the author decides 
that the ester is identical with Herrmann’s quinon-hydrodicarboxylic 
ester of the formula C,,H,,06. By theaction of acetyl chlorid on this 
ester, a diacetyl compound is formed which the author takes as proof 
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of the existance of the hydroxyl group in both quinon-hydrodicar— 





CHE i a CE 
/ | | 
boxylic ester and acetoacetic ester thus :—COH COH and 
| I 
¢ —C 


| | 
CO; Co BECOv GH: 


iH, Cae 

| \ 
COH or COR 
\| | 

CH CH 


co, C,H; CO, C,H.. By the action of bromin on acetoacetic ester 
the mono-, di-, and tri-derivatives only could be formed, therefore it 
was decided that all compounds seeming to have more than three atoms 
of bromin are mixtures containing some per-brom-acetoacetic ester, 
Cs Br;. O;, which was formed and which melts at 79°-80? By heating 
mono-brom-ethyl-acetoacetic ester ethyl-succino-succinic acid is pro- 


duced, CH, CH 
| | 
which is CO Eo , according to the common formula for 


| 
(eH) —C(C, He) 
| | 

OEE. COs EH 





Ch eH 

acetoacetic ester or coc, H. coc, H., according to the author’s 
ere 
CO, H CO, H 


formula. Acetoacetic ester isdecomposed by being heated to 140° with 
acetic acid. Acetyl chlorid decomposes acetoacetic ester and some 
carbacetoacetic ester is formed, which shows the presence of hydroxyl 
in acetoacetic ester with which the acetyl chlorid formed hydrochloric 
acid which produced the carbacetoacetic ester. Glycolic, oxalic and 
succinic acids decompose acetoacetic ester into carbon dioxid and 
acetone. 
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HANTZSCH, A., 1883. 
Ber. 16, 1946-1948; J. Chem. Soc. 44, 1082; Jsb. Chem. 1883, 1068. 


Condensation of Acetoacetic Methyl Ester with 
Aldehyde-ammonia. 


This condensation is entirely similar to that with the ethyl ester, a 
dihydro-collidin-dicarboxylic methyl ester, C, N H, (CH;)3;(CO.CH;)z, 
being formed. From this were formed dihydro-collidin-monocarboxylic 
methyl ester, C; NH, (CH,), H (CO, CH,), and collidin-dicarboxylic 
methyl ester, C. IN (CHe) COE.) 


HANTZSCH, A., 1883. 


Ber. 16, 1948-1952 ; J. Chem. Soc. 44, 1111; Jsb. Chem. 1883, 1069 ; 
Bull. Soc. chim. 42, 182. 


Condensation of Acetoacetic Ester and Ortho-amidophenol. 


These substances condense as follows : 


OH Tae ver ee NO _CH 
Coin? © SCH ye@gea: go NH Cen canes 


H.-H iO- 

The product, very unstable, being easily decomposed into its com- 
ponents, melts at 107°-108? A potassium salt, C., H.» K O6 N2. was 
formed ; one hydrogen atom of the amid group of every two molecules 
apparently being replaceable. 


PECHMANN, H. v. AND C. DUISBERG, 1883. 


Ber. 16, 2119-2128; J. Chem. Soc. 46, 66; Jsb. Chem. 1883, 1065; 
Bull. Soc. chim. 42, 587. 


Compounds of Phenols and Acetoacetic Ester. 


In the presence of a dehydrating agent phenols and acetoacetic ester 
react to form substituted coumarins. 


ACETO ACETIC ESTER A7 


If resorcin, Cs H, (OH),, is used /methyl-umbelliferone, 
ee(CH.). CE, 

CEOs Ree 
is formed which when treated with potassium hydroxid gives resaceéto - 
phenon, C;sH,(OH),COCH,. Themethyl ester and the carboxylic acid 
of Pmethyl-umbelliferone were formed. 4-/-Di-methyl-umbelliferone, 
Cane (oH) <6 (CHAE eae =) 


was formed from resorcin and dimethyl-acetoactic ester. Metatoluene-/- 
methyl-coumarin, C. H; GE. eo) a was formed from para- 


cresol, Cs H, OH CH;, and acetoacetic ester. 


PERKIN, Jr.;°W-H., 1883: 
Ber. 16, 2136-2140; J. Chem. Soc. 46, 64. 
Action of Ethylene Bromid on Acetoacetic and Benzoyl-acetic Esters. 


From acetoacetic ester, ethylene bromid and sodium, aceto-tri- 


CH 
| 
CO 
CH 


| 20, é : 

methylene carboxylic ester, C < e oa is formed, which boils at 193° to 
| ; 
CO; Cc; H. 


195: ‘The acid and the silver salt were obtained. Benzoyl-trimethy- 
lene carboxylic ester and acid and benzoyl-trimethylene were also 
produced. 


GEUTHER, A., 1883. 


Ann. Chem. 219, 119-128; J. Chem. Soc. 46, 836; Ber. 16, 2290; 
Jsb. Chem. 1883, 1065. 


Constitution of Acetoacetic Esters and of Benzene. 


The formation of tri-brom-acetoacetic ester by Wedel and the forma- 
tion of acetoacetic ester from acetic ester are cited as proof of the 
mma CH,COH :C HCO,C,H,; and against CH, : COM CH, CO, 
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C.H,. Attention is called to the colors produced by acetoacetic com- 
pounds and phenol compounds with ferric chlorid as indicating by 
their similarity that these bodies are similarly constituted. Comment 
is made upon changing the fatty acid into the benzene ring as pointed 
out by Wedel, that is, acetic ester into acetoacetic ester and this into 
quinonehydrodicarboxylic ester and this finally into hydroquinone. 


JAKSCH, R. v., 1883. 
* Ztschr. physiol. Chem. 7, 487-490, Ber. 16, 2314. 


Acetoacetic Acid in Urine. 


The author states that he published a paper in 1880 identifying | 


acetoacetic acid in urine, he therefore claims priority to Tollens + (Ber. 
14, 2594). 





* Original article not consulted. 
+ See page 31. 


KNORR, L., 1883. 


Ber. 16, 2593-2596; J. Chem. Soc. 46, 334; Bull. Soc. chim. 42, 654. 
New Synthesis of Quinolin Derivatives. 


By varied conditions a reaction between acetoacetic ester and anilin 
is obtained which forms the compound CH; C (NC. H,;) CH, CO, C. Hs, 
which is very unstable. If the reaction be interrupted by adding sul- 
furic acid, 7 oxy-a-methyl! quinolin is obtained, which comes from the 
compound cited above by its losing alcohol thus: CH,C (NC, H,) CH, 


N= CiCHe 
CO; CH-— Ce Ey | +.C, H. OH. It melts at2227~ ihe 
C(O HaysC ie 


intermediate anilin-acetoacetic acid, CH, C (NC. H;) CH, CO, H, was 
also obtained. 





‘ 
id 
¥- 
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KNORR, L., 1883. 


Ber. 16, 2597-2599; J. Chem. Soc. 46, 302; Jsb. Chem. 1883, 795 ; 
Bull. Soc. chim. 42, 655. 


Action of Acetoacetic Ester on Phenylhydrazin. 


When these substances react there is formed CH, C (HN, Ce Hs) 
CH, CO, C, H;. If this be heated on the water bath alcohol is given 
off and a body C,, H,,. N2 O, is left which melts at 127°; it resembles car- 
bostyril; its constitution is unknown. When it is heated with an 
excess of phenylhydrazin its anhydrid C,, His N, O is produced, 
which from its reactions is shown to contain a hydroxyl group. 


WISLICENUS, J., 1883. 


Ann. Chem. 219, 307-321 ; J. Chem. Soc. 44, 966; Jsb. Chem. 1883, 
980. 


Methyl-3-butyl Ketone and its Derivatives. 


Ethyl-methyl-acetoacetic ester is saponified and methyl-/-butyl 
ketone, CH, COCH (CH,) (C.H;), obtained, it boils at 118° and has a 
specific gravity of .818 at 14.5° By treating it with sodium and water 
two products were obtained, methyl--butyl carbinol, 


CH, CHOHCH— 
CH: CEE 

— (CH,)(C.H.), and methyl-$-butyl pinacone, CoH — CoH 
CHCHE? CHO, 
Cy ener 


Methy1-$-butyl carbinol is changed into the iodid and then 
by substituting hydrogen for this iodin methyl-di-ethyl-methane, 


H 
ft, — C— CH, is formed. 
| 
C,H, 
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HECKMANN, JACOB, 1883. 


Ann. Chem. 220, 128-146; Ber. 16, 2675; J. Chem. Soc. 46, 178 ; 
Jsb. Chem. 1883, 1147; Bull. Soc. chim. 42, 54. 


Dinitro-phenyl-acetoacetic Ester. 


By treating sodacetoacetic ester with dinitro-brom-benzene, dinitro- 
phenyl-acetoacetic ester, CH, COC H [Cs H, (NO.).2] CO. GC. Hs, 
is produced, it is crystalline and melts at 94° From this is produced, 
by potassium hydroxid, ortho-para-dinitrophenyl acetic acid, CH, Ce 
H, (NO.),CO, H, which melts at 160° and some di-nitro-toluol, Ce. 
H, CH, (NO.),.. By means of boiling alkalis several complicated 
decomposition products are obtained C., His Neo O1;, melting at 105.5° 
and from this, Cj, Ene Ke Ne Or. Cis Hla. Ne Oj, alidva-silyen sale 
Cys Hes Ag, Ne Ore: 





PAAL, C., 1883. 


Ber. 16, 2865-2869 ; J. Chem. Soc. 46, 598; Jsb. Chem. 1883, 1220; 
Bull. Soc. chim. 42, 541. 


Action of Brom-acetophenon on Sodacetoacetic Ester. 


These substances react with separation of sodium bromid to form 
CH, COCH (CH, COC, H;) CO.C, H;, which easily decomposes into 
the acid and then into acetophenonacetone, (CsH;COCH,)CH,COCH,. 
When acetophenonacetoacetic ester is boiled with potassium hydroxid 
an acid C,,H,,O;, is formed by the separation of alcohol and water. 


ee et Se Ce eS ee Eucatia 


£ 

ok ENS t 

i 

ROSER, W., 1883. i 

Ann. Chem. 220, 271-278; J. Chem. Soc. 46, 423. 4 


Isopropyl-succinic or Pimelic Acid. 


Isopropyl-succinic acid was made from acetoacetic ester, mono- 
chloracetic ester and isopropyl iodid, the acetyl being removed and the 
. . . 4 * 

ester obtained being changed to the acid. This was proven to be 


3 : ; : ? : CQ. : 
identical with pimelic acid CH (CH,),— CH cin CO. H, obtained 
from camphoric acid. 
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WESTENBERGER, BERNHARD, 1883. 


Ber. 16, 2991-2998; J. Chem. Soc. 46, 581; Jsb. Chem. 1883, 978; 
Bull. Soc. chim. 42, 444. 


Isonitroso Bodies. 


The action of hydroxylamin on acetoacetic ester is given on page 
2996 of this article. From this reaction /-isonitroso-butyric ester, 
eH. € (NOH) CH, CO, C,H., results which is very unstable. The 
acid is formed from it. Isonitroso-methyl-acetoacetic ester, CH,;C 
(NOH) CH (CH,) CO,C,H;, and the corresponding ethyl- and di- 
ethyl— products were produced from the corresponding substituted 
acetoacetic esters, proving the reaction to be a general one. 


HANTZSCH, A., 1883. 


Ann. Chem. 222, 1-46; Ber. 17, 12 (C) ; Jsb. Chem. 1883, 1070; Bull. 
Soc. chim. 42, 502. 


Condensation Products of Acetoacetic Ester. 


Acetoacetic ester treated with sulfuric acid gives a condensation 
product C,s H,,O,, which is formed from four molecules of acetoacetic 
ester by the separation of three molecules of alcohol. Its formula is 


On CO, Cah. ) 
eel, COLH CO, oH iC erly. When treated with potassium 


6o-0 \ 
O > 
hydroxid and an acid it yields two products, 1) Cs H, 4 CO7~ , called 
CORE: 


mesiten-lactone-carboxylic acid, and 2) its ethyl ester. The radical 
(Cs H,)’ being designated as mesiten. The mesiten-lactone-carboxylic 


CO, H 
| 
acid or isodehydracetic acid has the formula CH, —C:C-C(CH,) : CH, 
| | 
O ———- Co 
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and with potassium hydroxid it yields mesityl oxid. It is a monobasic 
acid and many of its metallic salts were described. A few complicated 
salts were investigated which appeared to come from the acid, 


OH 
C, H, co. H. Mesiten-lactone, C. He ae , was produced and 
COlE 








described and also oxymesitencarboxylic acid, Cs Hs Fae and its 
barium and calcium salts. Mesiten-lactone-carboxylic ester, 
O CO7C, i. 
| 
Cs H, CoS , or CH GC aC (CH): CH is uustables temas 
| | 

to take up water, its boiling point is not constant, it boils between 270° 
\ O ONH, 

and 370! IC. Ht, Br 4 /COs , and also .Cs Hi, 3 CO, NEi| were 
( cosegre (CO, Ge 


prepared and described. ‘The latter easily loses ammonia, and when 
heated with water and hydrochloric acid it gives oxymesitendicarboxylic 


OH 
acid ester, C,H co Ek , which melts at 76° and easily loses 
CO, C; A; 
OH 
water to form the lactone. It forms salts of the formulaCsH,{CO.M _ , 
CO{CH- 


of which the copper and lead salts were described. ‘The lactone 


treated with potassium hydroxid produces homo-mesaconic acid, 
CO la 


Ee C -C(CH,) :CH -CO, HW melting at 147° It forms acid ‘and nor 
mal salts, the barium, calcium, copper, silver, acid potassium and acid 
ammonium salts were described. The author concludes that Duisberg’s 
carbacetoacetic ester, Cs H,,O,, is identical with his mesiten-lactone- 
carboxylic ester and also that the hydroxyl group does not exist in 
acetoacetic ester but that an intermolecular change occurs during con- 
densation, the two acetoacetic ester molecules first lose water and are 
connected, then an intermolecular change forms a hydroxyl group 
which gives up its hydrogen to form the lactone. The author thinks 
the general case to be true that where such a group as X,C:C (OH) X 
occurs it will change into X,CH-COX but can change back to the 
hydroxyl form again during a reaction such as the forming of a lactone. 
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BEHREND, ROBERT, 1883. 
Ber. 16, 3027-3028 ; J. Chem. Soc. 46, 583. 
Action of Carbamid on Acetoacetic Ester. 


These substances unite thus : 

C; H..0; + (NH). CO = C, H,,N,O; + HO. 

The product formed is crystalline and melts at 147° Acids decom- 
pose it into acetoacetic ester and carbamid again. From it can be 
obtained the sodium salt of the acid C;HsN,O,, which is C;H,NaN,0;. 
The author is investigating the structure of the compound. 


JAMES, J. WM., 1884. 


Ann, Chem. 226, 202-222 ; J. Chem. Soc. 47, 1-11; Ber. 17, 604 (C). 
Jsb. Chem, 1884, 1120. 


Acetoacetic Ester. 


According to Wedel, ethyl-acetoacetic ester is CH,COC,H,;: CHCO.R 
and sodiumethylacetoacetic ester would be CH; CO Na: C (C2H,;) CO2R, 
so that if it were treated with acetic acid an isomeric ethylacetoacetic 
ester should be obtained, but the author proves that an identical ethyl- 
acetoacetic ester is recovered. Experiments were made to determine if 
the order of introduction of alkyl radicals in the di-substitution pro- 
ducts affects the products. No difference could be detected between 
allyl-methyl-acetoacetic ester and methyl-allyl-acetoacetic ester or 
between ethyl-methyl- and methyl-ethyl-acetoacetic esters. Acetyl- 
acetoacetic ester was produced from acetoacetic ester and acetyl chlorid, 
it boils at 200°-205° with slight decomposition. It is decomposed by 
water at ordinary temperatures into acetoacetic ester. The copper 
and nickel compounds were described. An attempt was made to 
substitute the hydrogen by sodium but it failed as decomposition took 
place. The acetyl-methyl-acetoacetic ester was prepared from methyl- 
acetoacetic ester and acetyl chlorid. Benzoyl-acetoacetic ester, CH, 
COCH (COC; H;) CO. C.H,, and its copper compound were prepared 
and described. 
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JONES, E. J., 1884. 


Ann. Chem. 226, 287-294; J. Chem. Soc. 48, 376; Jsb. Chem. 1884, 
1188. ; 


Decomposition of ag-Methyl-propyl=3-oxybutyric Acid by Heat. 


This substance, CH,CHOHC (CH;)(C;H,) CO. H, is obtained by 
the action of sodium amalgam on methyl-propyl-acetoacetic ester. 
Heated to 170° it decomposes into acetaldehyde and methyl-propyl- 
acetic acid. When methyl-propyl-acetoacetic ester is saponified it 
yields methyl-a-secondary pentyl ketone, CH,COCH (CH;) (C; H,), 
which boils at 142° to 147° and methyl-propyl-acetic acid which boils 
at 193: 


COLLIE, J. NORMAN, 1884. 


Ann, Chem, 226, 294-322 >)J.-Chem. Soc, 48, 373; Ber..18, 25 (Ce 
JsbaChenwins3a- 11 16: 


Action of Ammonia on Acetoacetic Ester. 


Paramido-acetoacetic ester, Cs H;, NO., is formed which may be 
either (CH, 'C-GN Mg) CH CO) Ce rnor CH, C(: NE) CHE CO? Cyne iis 
is easily decomposed into the substances started with. Sodium amal- 
gam changes it into f-oxybutyric acid. It reacts with acetic acid 
anhydrid to.produce $-acetamido-a-crotonic ester, CH, C (NHCOCH,): 
CHCO,C,H;. When heated it condenses to C,. H;, NO, from which 
the acid Cs H, NO;, can be produced, which is hydroxylutidin-mono- 
carboxylic acid, 


CH: 
| 
c 
TARVIN 
He S/WC 60; 1 
| | 
HOC CCH, 
DN e4 
N 





26 rn 
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When treated with paraldehyde and sulfuric acid it gives dihydrocollidin 
dicarboxylic ester, 
CH 


| 
¢ 


3 


tN 
SEACH CCO,C. oe 


| | 
GHVeH. CCO, C, H. 
er A 
N 


CANZONERI, F. and G. SPICA, 1884. 
Gazz.* chim. 14, 448-453; Ber. 18, 107 (C) ; J. Chem. Soc. 48, 75. 
Action of Amids on Acetoacetic Ester. 


Formamid reacts with acetoacetic ester to form lutidin-mono- and di- 


carboxylic esters and a compound C,,H,, NO,, to which is attributed 
the formula 


NH. NH 
cH—C— eae 0— CE, CH— C CH.— COC, H 
ee Gg oy a C eee 
 Eeare O-GaHe 


The results of the reaction when acetamid is used will be given later. 





* Original article not consulted. 


CHANLAROFF, MOEHSIN BEG, 1884. 
Ann. Chem. 226, 325-343; Ber. 18, 26 (C) ; J. Chem. Soc. 48, 374. 
Butyrolactone. 


This is quite a long article on butyrolactone which is produced from 
acetoacetic ester as follows : 


ei COCH NaCO.C.H.-+ CH.CICH.OH=CH,COCHCO,G.H. . 
| 
CEECEHOH 
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This substance treated with barium hydroxid and then an acid gives 
CH,CO, HCH, CH, OH, which upon heating gives the butyrolactone, 
Cr Che 


| an 
Creco - 


ELION, H., 1884. 
Rec:* trav: ‘chimyg 231-270; Ber. 17, )5681(C)r 
Ethyl-sodacetoacetic Ester and Sodacetoacetic Ester. 


Kthyl-sodacetoacetic ester hydrate, Cs H,, NaO,;-+ HO, and sodace- 
toacetic ester hydrate, Cs H,NaO,-+ H.O, were prepared. Sodium 
bisulfite forms a compound with acetoacetic ester but will form none 
with diacetyl-, ethylacetyl- and ethyldiacetyl- acetic esters, Ethyl- 
diacetyl-acetie “ester, CH{COC(C, H-) (Cj H, O) COFC. Mey couldaags 
be prepared from sodium diacetyl-acetic ester but could be from ethyl- 
acetoacetic ester and acetyl chlorid. 





*Original article not consulted. 


HELD, A., 1884. 


Compt. rend. 98, 522-525; Bull. Soc. chim. 41, 330; J. Chem. Soc. 46, 
727; jsb. Chemumseas i121 Ber. 17.2040 (C): 


Ethyl- and Methyl-cyanacetoacetic Esters. 


The esters could not be prepared from the cyan-acetoacetic esters but 
were successfully prepared by treating ethyl-acetoacetic ester and 
methyl-acetoacetic ester with cyanogen gas. KEthylcyanacetoacetic 
ester boils at 105°-110° under 15 to 2 m.m. pressure, its specific gravity 
is .g76 at 20? Methylcyanacetoacetic ester boils at go°-95° under 15 
te 20 ml.m. pressure, and “has a Specie gravity of .996 at 20; “Mite 
decomposition products with potassium hydroxid show that the for- 
mule must be CH,'COC (CN)(C2m.) CO, C,H. and” CH, COC Cane 
(CHACONC IHS 


ACETO ACETIC) ‘ESTER 5 IW 
WELTNER, A., 1884. 


Ber. 17, 66-73; J. Chem. Soc. 46, 746; Jsb. Chem. 1885, 1415; Bull. 
Soc. chim. 43, 336. 


Action of Chlor=- and Brom-acetone, Aceto-phenon Bromid and 
Phenyl-brom-acetic Acid on Acetoacetic Ester. 


Chlor- and Brom-acetone act on acetoacetic ester but no definite 
results were obtained. Aceto-phenon bromid, Cs H, COCH, Br, acting 
on acetoacetic ester produces aceto-phenon-acetoacetic ester, which, 


when treated with sodium amalgam becomes a hydroxylactone, 


fi CHOHCH a CHCsit:.. Phenyl-brom-acetic ester and 


aceteacetic ester produce phenyl-aceto-succinic ester, 





CEH, CH: 
CO GC, ok ; from this the ketone acid, CO Wael, 
CO, CH. CO, Crit. CO, H 


is formed, and from this by the action of sodium aialgam the lactone, - 
CHC, Fi. CO ; 
cH. encH,— O, is formed. 


CANZONERI, F. and G. SPICA, 1884. 
SaeZ.* chim. 14, 491-492; Ber. 18, 141 (C) ; J. Chem. Soc. 48, 750. 
Acetyl=-imidobutyric Ester. 


By heating acetoacetic ester with acetamid and aluminum chlorid 
under reduced pressure there is produced acetyl-/-imidobutyric ester 
which melts at 64° to 65° Its formula is 


Cry Coe N— © (Ci, ) CE CO, Cn. 





*Original article not consulted. 
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PERKIN, W. H., 1884. 
J. Chem. Soc. 45, 493 and 540. 


Magnetic Rotary Polarization of Compounds in Relation to 
Chemical Structure. 


Tables of very many substances are given, among them are :— 
Acetoacetic ester at 16.25° specific rotation = 0.9278 and molecular 
rotation = 6.501. Allylacetoacetic ester at 13.9° specific rotation 
= 1.09022 ; molecular rotation = 10.382. 


KNORR, L., 1884. 


Ber. 17, 546-552; J. Chem. Soc. 46, 1153; Jsb. Chem., 1884, 8745 
Bull. Soc. chim. 43, 406. 


Action of Acetoacetic Ester on Phenylhydrazin. 
Quinizin Derivatives.* 


The compound C,, H;. N20, before described, is now supposed to 


have the formula 
CEH —NH 
foxomeN 


HC iCy7 ss Cer. 
| | | 
Hwa CH: 


Sen ee 

¢ c 

H O 
and is named oxymethylquinizin. The reaction between phenylhy- 
drazin and acetoacetic esters is general and consists of two parts :— 
(1) Ce H; NHNH, + CH, COCH, CO, R = CH, CCH, CO,R 


AX 
EN Ni Care 
and (2) this loses alcohol and leaves CH, CCH, CO 


/\ | 
HN—N—CG, H,. 
This substance was studied and a number of its derivatives described, 
among them were orthotoluoxymethylquinizin, paratoluoxymethyl- 
quinizin and $-napthodimethyloxyquinizin. 





*See page 49. 
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PAAL, C., 1884. 
Ber. 17, 913-918 ; J. Chem. Soc. 46, 1177; Bull. Soc. chim. 43, 626. 
Derivatives of Acetophenon-acetoacetic Ester. 
CH COCH CO) CE. 
| 
CH COC, re 
fied yieids acetophenonacetone, CH, COCH,(CH,COC,.H,;), from 
which were produced two isomeric compounds C,,H,,O, one of 
which melts at 41°-42°, boils at 235° to 240° and yields, on oxidation, 
benzoic acid. The acid C,,H,,O,, previously described, gives by 
oxidation benzoic, acetic and carbonic acids. An oil C,, H,O;C.H,, 
was produced from this acid. The work is being continued. 


Acetophenon-acetoacetic ester, when sapont- 


LIEBERMANN, C. and S. KLEEMANN, 1884. 

Ber. 17, 918-921; J. Chem. Soc. 46, 1120; Jsb. Chem. 1884, 1158; 
Bull. Soc. chim. 43, 628. 
Methyl-propyl-acetic Acid. 

This acid, produced from methyl-propyl-acetoacetic ester which was 
made from methyl-acetoacetic ester and normal propyl iodid is proven 
to be identical with the acid of the same name produced from saccha- 
rose. 


PERKIN, Jr., W. H., 1884. 


Ber. 17, 1440-1444; J. Chem. Soc. 46, 1154; Jsb. Chem. 1884, 1081 ; 
Bull. Soc. chim. 44, 538. 


Trimethylene Derivatives. 


Aceto-methyl-tri-methylene-carboxylic ester, 
CL 
| 
CO 
Aer CELL: 
GC 
(CE 

COKBA Se 
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formed from acetoacetic ester and propylene bromid, boils at 210° to 
215° From it were produced the free acid and aceto-methyl-trimethy- 
lene. 


PERKIN, Jr., W. H. and C. BERNHART, 1884. 
Ber: 17, 1522-15275). Chem. Soc: 46.7125, 
Dehydracetic Acid. 


Dehydracetic acid and hydroxylamin form dehydracetoxim, C, Hs O; 
-CNOH; dehydracetic acid and phenylhydrazin form dehydraceto 
phenylhydrazin, Cs Hs0; NNHC.H,;. Monobromdehydracetic acid 
melting at 136°-137° was obtained and if this be allowed to stand with 
alcoholic potash it forms hydroxyl dehydracetic acid, Cs H,O,OH, 
which melts with decomposition at 250° to 255° The silver salt, Cs He 
O, Ag2, was formed showing the acid to be dibasic. By careful treat- 
ment of dehydracetic acid with cold potash an oil was obtained which 
was thought to be acetoacetic acid. 


RICHTER, V. v. AND H. MUNZER, 1884. 


Ber. 17, 1926-1930; J. Chem. Soc. 46, 1342; Jsb. Chem. 1884, 1051; 
Bull. Soc. chim. 44, 242. 


Benzene=azo Ketone. 


Benzene-azo-acetoacetic ester, CH,;COCH (N.C. H,) CO.C, Hz, 
formed from acetoacetic ester and diazobenzene chlorid melts at 75° 
When saponified no substituted acetic acid could be obtained, only the 
benzene-azo acetone, CH,COCH.,N.,C.s H,, which melts at 148°-149? 
In the same manner para-toluene-azo-acetoacetic ester and para-toluene- 
azo-acetone were produced. 
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KNORR, L., 1884. 


Ber. 17, 2032-2049 ; J. Chem. Soc. 46, 1377; Jsb. Chem. 1884, 877. 


Constitution of Quinizin Derivatives. 


Experiments were made which tend to prove the constitution of these 
bodies. They probably come from the hypothetical base quinizin, 
which is :— 

CH —NH 
PAS WIN 
BCP Ae 7) \. CH 
| | | 
He ae Che; 
IN Aad ONS / 
(® S 
H Hz 
Many of the derivatives were described, among them antipyrin, which 
is dimethyloxyquinizin, 
CH —NCH, 
Ye a | 
PUG ue ez CCE... 
| | | 
HG. 7 CO 
SRSA TRS 
(a Cc 
EH. se 
and some of its derivatives. 


KNORR, L. and A. BLANK, 1884. 


Ber. 17, 2049-2052; J. Chem. Soc. 46, 1380. 
Action of Substituted Acetoacetic Esters on Phenylhydrazin. 


Methyl-acetoacetic ester and phenylhydrazin form 2’: 3’ dimethyl- 
oxyquinizin, 


H 
Cc —NH 
ea N 
eC. 41s CCH. 
| | | 
ELGG CHCH, 
See 





62 BIBLIOGRAPHY OF 


which melts at 127° to 132° It is isomeric with antipyrin. Ethyl- 
acetoacetic ester and phenylhydrazin form 2’: 3’ methyl-ethyl- 
oxyquinizin which melts at 108? 


PINNER, A., 1884. 


Ber, 17, 2519-2520; J: Chem. Soc. 48, 158; Jsb. Chem. 2384)) 50a 
Action of Acetoacetic Ester on Amidins. Part I. 


When an amidin of the formula R—C eo ae , acts on acetoacetic 
2 


ester a compound of the formula 
R 
@ 
ERS 
NaN 
le 
CH Oy Coy 
i / 


C 
H, 


is formed and this compound is changed by phosphorus pentachlorid 


into the nucleus 


EC 
7S 
N 
| 


iT O 


Benzamidin gives a compound, C,, H;,N.O, which melts at 215.5°- 
216° and gives a platinic chlorid salt. Treated with phosphorus 
pentachlorid it gives C,; Hy, N,Cl, which is probably 
Cee: 
/\ 
NN 


Acetamidin gives Cs Hs N, O, which the author is studying. 
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BAAD .C.; 1884 
Ber, 17; 2756-2767 ; J. Chem. Soc. 48, 248. 


Derivatives of Acetophenonacetoacetic Ester and Acetonylaceto- 
acetic Ester. 


One of the two isomeric compounds C,,; H,, O, obtained by dehydrat- 
ing acetophenon-acetone is named  dehydraceto-phenon-acetone 
memecrvyen one of the three formule: C,;H.C: CCH,COCH, ; 
eee cOcH,C:CCH,; C;H,COCH,CH,C: CH; and the other 
CH: CC CH.) 

CH C(CeH) 
Acetophenon-acetoacetic ester yields analogous dehydrated derivatives. 
Cie COCHCO: CH, 


| 
CE COCH, 
hydrochloric acid becomes pyrotritartaric ester, 


Be COC. i. 
I l 
Cre "CCH, 
Nes id 
O 
A number of other derivatives of the above compounds are described, 
and their constitution indicated. 


compound is named phenyl-methyl-furfurane , 


Acetonyl-acetoacetic ester, when treated with 


BEHREND, ROBERT, 1884. 
Ber. 17, 2846-2847; J. Chem. Soc. 48, 246. 
Derivatives of Carbamid. 


The author is investigating the products of the action of carbamid 
on acetoacetic ester. From the first compound formed C; Hg N, O,, are 
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PERKIN, Jr., W. H., 1885. 
Ber. 18, 218-220; J. Chem. Soc. 48, 515. 
Dehydracetic Acid. 
The subject of the constitution of dehydracetic acid is reviewed and 
the formula CO, HC. ano is advanced. The methyl 


ester melts at 90.5°, is soluble in water and the solution is decidedly 
acid. From the methyl ester and sodethoxid the compound Cs Hs Na 
CH, ©; 1s formed: 


JUST, FEODOR, 1885. 
Ber. 18, 319-320; J. Chem. Soc. 48, 513; Ber. 19, 45 (C). 


New Method of Introducing Nitrogenous Radicals in Malonic and 
Acetoacetic Esters. 


This is by the action of imido-chlorids,—benzanilidimido-chlorid, Cg 
H, CI=N—C,H,, for instance. The chlorin is eliminated and the 
remaining monad radical is substituted. The author is working in this 
line. 


ALLEN, WM. AND ALFRED KOLLIKER, 188s. 


Ann. Chen. 227, 107-118; /j.\Caemssoc. 48, 655 ;. Ber. 18, 1547 (Cie 
Jsb. Chem. 1885, 768. 


Some derivatives of Triphenyl-carbinyl-bromid. 


When sodacetoacetic ester is treated with triphenyl-carbinyl-bromid, 
C Br (Cs. H;);, there is produced triphenyl-carbinyl-acetoacetic ester, 
CH, CO C[C(C. H,),]2 CO. C. H,, a substance which melts at 159.5° to 
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160.5: When saponified, this yields triphenyl-carbinyl ethel ether, 
C,H;OC(C; H;),, melting at 83°, which, treated with acetyl chlorid, 
gives CH, CO, C(C. H;);. Triphenyl-carbinyl-acetoacetic ester when 
distilled yields triphenyl methane, CH (C. H,),, which melts at 92° and 
boils at 358° to 360° 


GEUTHER, A., 1885. 
Ann. Chem. 227, 383-384. 
Upon the History of Acetyl-acetoacetic Esters. 


After noticing the claims made by James and by Elion to the first 
production of these esters, the author calls attention to the fact that 
Lippmann produced mono- and di- acetyl-acetoacetic esters in 1869 
(Ztschr. Chem. 1869, 28). 


HAITINGER, L., 1885. 


Ber. 18, 452-453; J. Chem. Soc. 48, 761. 


Dehydracetic Acid. 


Dehydracetic acid when treated with aqueous ammonia gives 
Cs H, NO, and C,H, NO. ‘The former is an acid which, when heated, 
gives the latter, which is a weak base. When C,H, NO is distilled 
with zinc dust lutidin, C,H,N, boiling at 147° to 151° is obtained. 
Some analogous reactions of dehydracetic acid and chelidonic acid are 


given. Chelidonic is; C (CO, H) < Oy © GSP > cH and deny- 


#56 (CHL) 


Brarctic acid is; C(CH,) < a = 6O.F a OEE: 
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BEHREND, ROBERT, 1885. 


Ann, Chem. 229, 5-31; Ber. 18, 543 (C); Jsb. Chem. 1885, 654. 
Bull. Soc. chim. 46, 360. 


Action of Urea on Acetoacetic Ester. 


NE © ere 
| | 
By this action # Uramidocrotonic ester, CO CH , 1s formed. 


NH, CO, [ep Si 

NEC = CHE 
From this was formed methyluracyl, Co CH , which decom- 

NH —CO 
poses at 270°-280° without melting. From this, trimethyluracy], 
C,H, N,O., melting point 103°; and nitrouracyl carboxylic acid, 
C,H,N,0¢, were formed, and from the latter, nitrouracyl, C,H,N,0, ; 
amidouracyl, C, H; N,.0,; and oxyuracyl, C,H, N,O,. Amidouracyl 
salts give with potassium cyanate, hydroxyxanthin, C, He N,O, + 
22H,O, which may be oxidized to alloxan and this reduced to allox- 
antin. 


KUCKERT, OTTO, 1885. 


Ber. 18, 618-620 ; J. Chem. Soc. 48, 751; Jsb. 1885, 1351; Bull Soc. 
chim. 46, 8. 


Action of Alkylamins on Acetoacetic Esters. 


Acetoacetic ester when treated with methylamin forms two com- 
pounds according to the temperature. If kept at 0° an addition pro- 
duct is formed which melts at 42°-43° and easily changes into an oil, 
the same as the product which is formed if the temperature is not kept 


Cie, CH, 

low. This is either C= N—CH, or C—NHCH,.  Diethylamin 
| I 
CH, CE 


CO, Cine CO, C, H. 
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CHe 
produces the compound of the formula C—N (C,H.),. The methyl- 
l 


CH 
CO, C, H; 


amin product when treated with paraldehyde and sulfuric acid forms 
a condensation product C,;H,;NO,, resembling dihydro-collidin 
dicarboxylic ester. 


HALLER, S., 1885. 
Ber. 18, 706-709; J. Chem. Soc. 48, 818; Jsb. Chem. 1885, 1082. 
Trimethyl-quinizin Derivatives. 


The following derivatives of acetoacetic ester were described :— 
pseudo-cumylizinacetoacetic ester, C;, H.2O.N.2, which melts at 77°- 
78° and has the constitution :— 


CH. 

c N—NH 
eek. \ | 
Ces CCH: 
| | | 

CEC CH "CHE 

Seen a lf 

ec CO; C. Ee 

CH, 


f-amethyl-oxyquinizin, C, NH, (CH,),ONH, [(CH,), = 1:3:4:2"];* 
pentamethyl-oxyquinizin (pseudo-cumylantipyrine) C,NH,(CH,), 
Set | (CH,),: NCH, :CH,:O=1:3:4:1': 2°:4'*] and isoni- 
trosotetramethyl oxyquinizin, C,, H,, O.N,. 


2 
= CCA (C= 
*The carbon atoms were numbered thus :— d 
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PINNER, A., 1885. 


Ber. 18, 759-763; J. Chem. Soc. 48, 751; Jsb. Chem. 1885, 838 ; 
Bull. Soc. chim. 45, 778. 


Action of Acetoacetic Ester on Amidins. Part II.—Pyrimidins. 


The formula 


R—C 

lea 

N N 

I | 
CH,—-C C—OH, 

Ved 

C 

H 


is substituted for that previously assigned to these bodies and the 
nucleus C,H, N, is termed pyrimidin. Phenyl-methyl-hydroxy-pyri- 
midin is further described. 


GRIESS, PETER, 1885. 
Ber. 18, 960-966 ; J. Chem. Soc. 48, 788. 


New Researches upon Diazo Compounds. 


In this article (p. 962) azo-acetoacetic-benzoic acid, 


CH, 

CO,H CO 
CsHy< NIN-—CH ° 
CO, H 


It is produced by treating acetoacetic ester with sulfuric 


acid and meta diazo-benzoic acid sulphate, Cs H, < ae 60. Hi 
=—N—SO,H. 


is described. 
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SCHILLER-WECHSLER, MAX, 1885. 
Ber. 18, 1037-1052; J. Chem. Soc. 48, goo. 
Anilido=-pyrotartaric Acid. 


In this article mention is made of cyanhydrin of acetoacetic ester or 
f-cyan-f-oxybutyric ester, CH, C (CN)(OH)—CH, CO,C, H,, which 
was produced by treating acetoacetic ester with hydrocyanic acid. It 
is very unstable, from it was prepared $-cyan-f-anilido-butyric ester, 
eC (CN) — (NHC; H;) CH, CO, C, H,, by the action of anilin. 


HANTZSCH, A., 1885. 


Ber. 18, 1744-1749; J. Chem. Soc. 48, 1078; Jsb. Chem. 1885, 815; 
Bull. Soc. chim. 46, 166. 


Constitution of Synthetical Pyridin Derivatives ..... 


After discussing the reactions of these bodies the author decides 
that the tri-methyl-pyridin-dicarboxylic acid obtained from ammonia, 
aldehyde and acetoacetic ester has the formula: 

CH, 


| 
¢ 


as 
COBH ae ——CO7 EL 


I | 
CHE Ga. C-- CH: 
7 
N 


MICHAEL, R., 1885. 
Ber. 18, 2020-2029 ; J. Chem. Soc. 48, 1244; Jsb. Chem. 1885, 826. 


Synthesis of Pyridin Derivatives from Acetoacetic Ester, 
Aldehyde and Ammonia. 


By using an excess of aldehyde a product different from the usual 
one is formed which is a —7-lutidin-$-carboxylic ester, C,; NH. (CH,), 
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CO.C,H;. It is an oil which boils at 246° to 247° and from it, its 
acid can be formed, the calcium salt of which, when distilled from lime, 
yields’2°4, lutidin, " The tee vacidiC] NH; (CH, )2 COs cane 
oxidized to carbocinchomeronie facid, C2 NH. (CO, H), [2-222 
which vields cinchomeronic acid, C; NH, (CO, H).[2:3]. 


BUCHKA, K., 1885. 
Ber. 18, 2090-2093; J. Chem. Soc. 48, 1200; Jsb. Chem. 1885, 1351. 


Action of Sulfur Chlorid on Sodacetoacetic Ester. 


The sulfid of acetoacetic ester (CH, COCHCO, C, H,).2S, is produced 
by this action. It melts at 80° to 81° The reduction or condensation 
of this was impossible because of its unstability. Carbonyl chlorid 
acts on sodacetoacetic ester to form chloracetoacetic ester. 


FITTIG, R., 1885. 
Ber. 18, 2526-2527; J. Chem. Soc. 50, 47. 
Condensation of Acetoacetic Ester with Dibasic Acids. 


Acetoacetic ester condenses with succinic acid to form a compound 
C,. H,.O,, which melts at 75°-76° and which is a mono-ethyl salt of 
a dibasic acid, Cs HgO;. This acid melts at 199° to 200? With 
sodium pyrotartrate, acetoacetic ester gives the mono-ethyl ester of the 
acid C, H,.O;. Further investigations are being made in this line. 


HANTZSCH, A., 1885. 
Ber. 18, 2579-2586; J. Chem. Soc. 50, 77; Jsb. Chem. 1885, 830. 
Constitution of the Synthetical Hydro-pyridin Derivatives. 


The hydrogen in these compounds has been assumed to be in con- 
nection with carbon but as Kukart has obtained a substituted hydro- 
pyridin derivative by the action of paraldehyde and sulfuric acid on the 
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product of reaction between methyl-amin and acetoacetic ester, it 
follows that nitrogen must be present as an imido group which gives 
for the nucleus formula : 


Benzylidin-diacetoacetic ester, Cs H; CH (C5 H, O;)., melting at 152°- 
153° and dehydrobenzylidin diacetoacetic ester, 


pee Oe C COC H 
CCH, :C:CO, C, H; 


melting at 87°-88° were formed from acetoacetic ester and benzal- 
dehyde but the presence of some primary amin is necessary. 


5 > CHC; H,, 


JAKSCH, R. v., 1885. 
Ber. 19, 781 (C). 
Acetonurea and Diaceturea. 


The author states that acetoacetic acid is not found in normal urine 
and as an explanation of its origin in diseased urine he supposes that 
it came from acetone by the taking up of oxygen, uniting with formic 
acid and then splitting off water. 


PERKIN, Jr., W. H., 1885. 
J. Chem. Soc. 47, 801-855. 


Synthetical Formation of Closed Carbon Chains. 


On pages 834-835 of this long article, the author shows the many 
differences in behavior between acetyl tri-methylene carboxylic ester, 
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CH ce CH, 
CO. C He C< OH 


2 


and di-methyl-acetoacetic ester, 


CH,CO CH, 
CO, Ce ey en, 


although they only differ in composition by two hydrogen atoms. 


PINNER, A., 1885. 


Ber. 18, 2845-2852; J. Chem. Soc. 50, 45; Jsb. Chem. 1885, 840; 
_ Bull. Soc. chim. 45, 852. 


Action of Acetoacetic Ester on Amidins. Part III].—Pyrimidins. 


With the exception of formamidin all the amidins experimented with 
form pyrimidins ; formamidin yields cyanacetoacetic ester. Aceta- 
midin yields di-methyl-hydroxy-pyrimidin, propionamidin yields ethyl- 
methyl-hydroxy-pyrimidin, 


Phenyl-methyl-hydroxy-pyrimidin, C;;H,. N.O; phenyl-methyl-pyri- 
midin, C,,H,,.N,.; phenyl-methyl-ethoxy-pyrimidin, C;,H,(OC.H;)N, ; 
and phenyl-methyl-pyrimidin anilid, C,;H,N.NHC.H, were described. 





= 
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EPSTEIN, W., 1885. 


mune chem. 231, 1-36; J. Chem. Soc 50, 257; Ber. 10, 18 (C) ; 
Bull. Soc. chim. 46, 435. 


Condensation of Cinnamaldehyde with Ammonia and Acetoacetic 
Ester. 


These substances condense to form benzylidenedihydrocollidin-dicar- 
boxylic ester which melts at 148° to 149° and which can be oxidized 
to benzylidene-collidin-dicarboxylic acid, 

Cx CEC. Hn 


we 
; ZN 
COLAC 'CCOLE + 2H, 0’; 
CH,C CCH, 
Nad 
N 
which melts at 218° to 219° When anhydrous it melts at 241° The 
potassium salt may be oxidized by potassium permanganate to lutidin- 
tricarboxylic acid which is different from the one described by Hantzsch 
in Ber. 15, 2915 and 17, 2908. By reduction it gives lutidin which is 
a-a'-dimethylpyridine, an isomer of Hantzsch’s lutidin. 


ENGELMANN, FRANZ, 1885, 


Ann. Chem. 231, 37-71; Ber. 19, 16 (C) ; J. Chem. Soc. 50, 258 ; Jsb. 
Chem. 1885, 1357; Bull. Soc. chim. 46, 437. 


Action of Homologues of Acetaldehyde on Ammonia and 
Acetoacetic Ester. 


Hydroparvolin-dicarboxylic ester, C,NH.(CH;). C,H, (CO.C.H:), , 
is formed from acetoacetic ester, propaldehyde and alcoholic ammonia, 
it melts at 110° By oxidation it loses its two hydrogen atoms and 
then by saponification parvolin-dicarboxylic acid, C,;N (CH,).C, Hs 
(CO, H)., is formed which melts at 289° to 290° Parvolin, C,; NH, 
eit ).C,H., boils at 186° and has a. specific gravity of ‘916 
at14 Hydroisopropyl-lutidindicarboxylic ester, C; NH, (CH; )2C; H, 
(CO,C,H,)., obtained by using isobutylaldehyde melts atg7 From 
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it were obtained lutidin-dicarboxylic ester and acid. Hydroisobutyl- 
lutidindicarboxylic ester, C,; N (CH;).C, H, H. (CO, C, H;)., obtained 
by using valeraldehyde melts at 100? The mono-ethyl salt and free 
acid of isobutyl-lutidin dicarboxylic were obtained and also isobutyl- 
lutidin, C. N (CH,), HC, H,, a liquid boiling at 210; to 213° 


FITTIG, R., 1885. 
Ber. 18, 3410-3413; J. Chem. Soc. 50, 225. 
Constitution of Carbopyrotritartaric Acid. 


The product of the action of acetoacetic ester and succinic acid, 
Cs HsO,, which is isomeric with carbopyrotritartaric acid is called 
methronic acid and the two acids are given the following formule: 


Carbopyrotritartaric acid : 
los a 
H—C CHCO,H 
Mf, 
C 


| 
O 


Methronic acid : 
CH, —C— C—HCO, H 


leaned 
CO, He er ere 
INSU 


i: 
| 
O 


When heated they both give carbon dioxid and pyrotritartaric acid : 


CH) -2C= CHCO/ TH, 


[Tera 
H—C CH, 
NZ 


C 
I 
O 
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BAEYER, ADOLF, 1885. 


Ber. 18, 3454-3460; J. Chem. Soc. 50, 223; Jsb. Chem. 1885, 1346; 
Bull. Soc. chim. 46, 440. 


Synthesis of Acetoacetic Ester and Phloroglucin. 


The author discusses the constitution of sodacetoacetic ester, siding 
with Frankland and Duppa and Wislicenus against Geuther, showing 
the inconsistancies of the formula CH,CONa: CHCO,C.H. and 
inclining to Frankland and Duppa’s view that sodacetic ester is 
formed as an intermediate product in the action of sodium on 
acetic ester. Phloroglucin is prepared by treating the product of the 
action of sodium on malonic ester with caustic potash, and the formula 


Og =a ae > CH, is suggested for it. 


CONRAD, M. AND M. GUTHZEIT, 1886. 


Ber. 19, 19-26; J. Chem. Soc. 50, 333 ;’Jsb. Chem. 1886, 1331. 


Action of Carbonyl Chlorid on Cupracetoacetic Ester. 


Dehydro-diacetyl-acetone-dicarboxylic ester is thus produced. It is 
a crystalline substance melting at 79°-80°, and it has the following 
structural formula : 
O 


aN 
CHC. GCH, 


pen il 
COC © CCO, C,H: 
IN 
Cc 


| 
O 


Acted upon by ammonia this compound gives lutidone-dicarboxylic 
ester melting at 221°; by simply substituting NH for the oxygen of 
thering. Trimethyl-pyridone-dicarboxylic ester melting at 193° and 
phenyl-dimethyl-pyridone-dicarboxylic ester melting at 170°-171° 
were prepared from the dehydro-compound. 
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JAMES, J. WM., 1886. 


J. Chem. Soc. 49, 50-58 ; Ann. Chem. 231, 235-244. 
Action of Phosphorus Pentachlorid on Diethyl-acetoacetic Ester. 


By this action diethyl-monochlor-acetoacetic ester, CH, Cl—COC 
(C, H,), CO, C,H;, and the corresponding dichlor derivative were 
formed. Diethyl-monochlor-acetoacetic ester treated with sodium 
methoxid gave methoxy-diethyl-acetoacetic ester, CH, (CH,0O) COC 
(C, H,).CO.C, H;, and methoxy-methyl-ethyl acetone, CH, (CH; O) 
COCH (CH,)i(C2 Ei: Di-methoxy-diethyl-acetoacetic ester, CH 
(CH, 0), COC (C, H;).CO.C,H;, and di-methoxy-diethyl acetone, 
CH (CH,.0); COCH (C2 H,). , were also prepared: 


JAMES, J. WM., 1886. : 


Ann. Chem. 231, 245-248; J. Chem. Soc. 50, 333; Ber. 19, ror (C) ; 
Bull. Soc. chim. 46, 758. 


Synthesis of Acetoacetic Ester from Cyanacetone. 


The author has repeated the experiment of Matthew * and Hodgkin- 
son’s and failed to produce any trace of acetoacetic ester from 
cyanacetone with hydrochloric acid or an alkali. 


SOC. FOR CHEM. INDUSTRY IN BASEL, 1886, 
D. P.+ 39,564 of May 4th, 1886, Kl. 22; Ber. 20, 443 (C). 


Production of Quinizins by the Action of Hydrazobenzenes on 
Acetoacetic Esters. 


Acetoacetic ester treated with hydrazobenzene gives phenyl-methyl- 
oxyquinizin which melts at 122° 





* See page 38. 
{Original article not consulted. 
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SCHIFF, ROBERT, 1886. 
Ber. 19, 561. 


Some Molecular Volumes.—Acetoacetic Ester. 
B. P.= 180-180 3. Bo=754.5 mm. D = specific gravity at t° 


sid) ME 
compared to water at 4? — = molecular volume. 


D 

Di = 1.0465 
8 = 

Di, =1.0375 


oe = 0.9880 
Di??? = 0.9644 
Di? = 0.9029 
Vt = 1.+ .oo109301t + .0000013895t* + .cooo0001465t*, from which 


' M 
Dy? = 0.8458, D = 153-34- 


PERKIN, Jr., W. H., 1886. 


Ber. 19, 1244-1247 ; J. Chem. Soc. 50, 689; Jsb. Chem. 1886, 1332 ; 
Bull. Soc. chim. 46, 834. 


Action of Trimethylen-bromid on Sodacetoacetic Ester. 


An oil C, H;,0,, boiling at 223° is obtained which cannot be an 
aceto-tetramethylen carboxylic ester because its properties when com- 
pared to the acetotrimethylen carboxylic ester and to the tetramethylen 
dicarboxylic ester are too irregular and because it will not react with 
phenylhydrazin. ‘The author gives it the formula— 


CH, 


| 

CeO CH 
I * 
G— CH, — CH. 


| 
BOVE LET. 
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BEHREND, ROBERT, R. LIST AND A. KOHLER, 1886. 


Ann. Chem. 233, 1-15; Ber. 19, 219-221; Ber. 19, 395 (C); J. Chem. 
Soc. 50, 443; Jsb. Chem. 1886, 549; Bull. Soc. chim. 46, 544. 


Condensation of Carbamids with Acetoacetic Ester. 


Acetoacetic ester treated with phenylearbamid gives a compound 
C,, Hie N2O;,, which when treated with an alkali yields acetone, 
alcohol, carbon dioxid and analin and when treated with an acid it 
yields in addition to these products ethyl phenylcarbamate, C, H;, NOz. 

Thiocarbamid and acetoacetic ester unite to form an unstable 
compound which, when saponified, yields C; He N,SO which is 


NH—C (CH,) \ 
CS <i eee CH. 


Guanidin, CN, H;, and acetoacetic ester form a compound C,; H, 
N; O, which has both acid ie ae properties. Its formula probably is 
pee) 
NH=C wan ee Cole CH 


ISBERT, A., 1886. 


Ann. Chem. 234, 160-196 ; J. Chem. Soc. 50, 1009; Ber. 19, 684 (C) ; 
Jsb. Chem. 1886, 1328; Bull. Soc. chim. 47, 585. 


Acetoacetic Ester and Its Derivatives. 


When acetoacetic ester is decomposed by sodium alkyl oxids in the 
presence of an alcohol, the acetate derived from the free alcohol is the 
chief product, while the acetate derived from the alkyl oxid is formed 
in smaller proportions. Resacetic acid, Cis H..O,;, is formed during 
the same operation. Acetoacetic ester is not decomposed by ethyl or 
propyl alcohol at 180°, but is completely decomposed upon adding a 
little sodium alkyl oxid to sucha mixture. The amid, Cs H,, NOz, 
obtained by treating acetoacetic ester with ammonia, melts at go° and 
is soluble in water. From its reactions the formula CH,- COC, H, 
CH - CONH,, is assigned to it. Phosphoric chlorid acting on ethyl 
acetoacetic ester gives ethyl-monochlorcrotonic acid and the ethyl 
esters of mono- and di-chlor-ethylacetoacetic acids, and acting on 
methylacetoacetic ester it forms the corresponding compounds. 
Ethoxy-ethyl-acetoacetic ester, (C. H; O)CH, COC, H; : CH CO.C, H 
and ethoxy-methyl-acetoacetic ester are formed by the action of an 
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alcoholic solution of sodium ethoxid on monochlor-ethyl and mono- 
chlor methyl-acetoacetic esters and are decomposed by alcoholic soda 
into ethoxy-ethyl acetone, (C, H; O) CH, CO CH, (C. H;), and ethoxy- 
methyl acetone, (C,H, 0) CH, COCH,(CH;), which boil at 112° to 
115° and 100° to 105° respectively. 


Soc. FOR CHEM. INDUSTRY IN BASEL, 1886. 
ie P.* 30,149 of June 5th, 1886, Kl. r2; Ber, 20, 351 (C). 
The Production of the Ester of a New Acid. 


If acetoacetic ester be treated with a water solution of ethylenedi- 
amin, C,H, (NH.,)., they unite to form the compound, 


CH, CH, 
Seay eee eH. N.C 

CH, CH, 

Co. ¢, H, CO, C, Hy 


which melts at 126°, is insoluble in water but soluble in alcohols, 
ether, chloroform, benzene and dilute acids. 


CANZONERI, F. AND G. SPICA, 1886. 
Gazz.* chim. 16, 449-453 ; Ber. 20, 219 (C) ; J. Chem. Soc. 52, 499. 
Synthesis of Ethoxy-lutidin. 


By treating acetoacetic ester in a sealed tube with an excess of 
ammoniacal zine chlorid, ethoxy-lutidin, 


N 
LN 

GHC COC He, 
| | 


me. CH 
\ 7 


¢ 
| 


CH, 





*Original article not consulted. 


a 
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is formed, a pale yellow liquid boiling at 245° to 247° By repeating 
former experiments with acetoacetic ester and formamid, a liquid boil- 
ing at 250° to 255° was obtained which was mono-lutidin-carboxylic 
ester and which apparently is isomeric with Michael’s body of the same 
name which he obtained from aldehyde, aldehyde ammonia and 
acetoacetic ester. 


MULLER, ALBERT, 1886. 
Ber. 19, 1771-1772; J. Chem. Soc. 50, 899; Jsb. Chem. 1886, 1035. 


Action of Acetoacetic Ester on Hydrazo-benzene. 


When acetoacetic ester is treated with hydrazo-benzene, C,H, 
NH — NHC; H,, a compound C,¢ H,, N2. O. which melts at 120° and 
is weakly basic and acid is formed. It is probably a phenylated 
quinizin, 

H 
Cc N—NC.H: 
hi \oa eal 
HC eu CCH, 


| | | 
TAC CH 


ESCALES, R. AND E. BAUMANN, 1886, 


Ber. 19, 1787-1796; J. Chem. Soc. 50, 878. 


Compounds of Phenyl Mercaptan with Ketonic Acids. 
Phenyl Mercaptan and Acetoacetic Ester. 


By treating a mixture of two molecules phenyl mercaptan and one 
molecule acetoacetic ester with hydrochloric acid, 7 dithiophenylbutyric 
ester, CH, C (SC; H;). CH, CO, © Hg; is obtained; it meltsat57-—5om 
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is insoluble in water, soluble in ether, benzene and chloroform and 
gives a red color with concentrated sulfuric acid. When heated with 
an alkali it is decomposed into phenyl mercaptan and #-thio-phenyl- 
crotonic acid, CH, (SC. H,) : CH CO,H, which melts at 176°-177°, 
is insoluble in water, soluble in benzene and hot alcohol. When 
heated this decomposes, giving thio-phenyl-propylene, C,H; SC. H;, 
which boils at 206°-210° and gives a blue color with sulfuric acid, 
which turns violet upon being heated. 


LIST, R., 1886. 


Ann. Chem. 236, 1-32; J. Chem. Soc. 52, 127; Ber. 19, 825 (C); 
Jsb. Chem. 1886, 564; Bull. Soc. chim. 47, 587. 


Action of Thiocarbamid on Acetoacetic Ester. 


Thiomethyl-uracyl is formed, thus: CH,COCH, CO, C,H, + NH, 
CSNH, S CH, ec (OH) CH. CO, Cc; H. 


NH —C=S—NH, and then water and alcohol 
mera on it leaves CH,C: CHC: O 


— 
NH—C=S—N—H. 


The silver, copper, mercury, potassium, and sodium salts and the 
methyl and ethyl esters were produced and described. ‘The sulfur can 
be removed from the thiomethyl-uracyl by bromin or by silver or 
mercuric oxid. Thiomethyl-uracyl acetic acid, C, Hs N,SO,, and its 
ethyl ester were made by using monochlor-acetic ester. 

In the formation of the esters an intermolecular change is supposed 
to take place and the formulee are written CH,—C:CH - C:O 


| | 
IN: Gas Ns EE 
| 
Say 
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KNORR, L., 1886. 


Ann. Chem. 236, 69-115; J. Chem. Soc. 52, 159; Ber. 19, 827 (C); 
Jsb. Chem. 1886, 1336; Bull. Soc. chim. 47, 633. 


Synthetical Experiments with Acetoacetic Ester.—Part I. 


Acetoacetic ester and anilin react at ordinary temperatures to form 
$-phenylamido-a-crotonic ester, but at 110°-150° the anilid of aceto- 
acetic acid is formed, which melts at 85° and gives, when distilled, 


diphenyl-carbamid, CO< He ee which melts at 235°-236° The 
5 


anilid, when heated with chloroform and bromin, yields the anilid of 
monobrom-acetoacetic acid, CH, COCH BrCO NHC; H;, which melts 
with decomposition at 138° Isonitroso-acetoacetic anilid, CH, COC: 
(N OH) CO NHC, H., is a crystalline substance melting at 99°-100° 
Reducing agents change acetoacetic acid anilid into hydroxylepidin, 
C, NH, CH, OH, [4’: 2’] which can be changed into ;-lepidin and 
chlorolepidin. _Methoxy-lepidin formed from chlorolepidin boils at 
275°-276: Hthoxy-lepidin melts at 51 Methyl-lepidone, 

CCHe CH, 

NCH, CO : 

may be formed from methyl anilin and acetoacetic ester. It melts at 
130°, sublimes and is a strong base. 


Core = 


DEGEN, JOS., 1886. 


Ann. Chem. 236, 151-164; Ber. 19, 829 (C). 
Indol from Methyl-phenylhydrazin. 


In this article an account is given of making methyl-phenylhydrazin 
acetoacetic ester, CH, C : (No CHAC, BM.) CH CO,” fromiunethae 
phenylhydrazin and acetoacetic ester. The product, a yellowish red 
oil could not be distilled, but seemed quite stable towards water 
solutions of the alkalis. With alcoholic potash it was decomposed 
into methyl-phenylhydrazin acetoacetic acid. 
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BULOW, CARL, 1886. 


Ann. Chem. 236, 184-194; J. Chem. Soc. 52, 144; Jsb. Chem. 
1886, 1515; Bull. Soc. chim. 47, 600. 
Phthalyl-acetoacetic Ester. 


This is obtained from phthalyl chlorid and acetoacetic ester and is 
represented thus : 


CH, 
Co 
Se Hr, 

O=6—0 
CO, C,H, 


It is decomposed by sulfuric acid yielding phthalyl acetic acid. 
Ammonia converts it into phthalyldiamid or phthalyl-imid according to 
the temperature. Several complicated derivatives were described, 
among them those formed by phenylhydrazin. 


KNORR, L., 1886. 


Ann Chem. 236, 290-332; J. Chem. Soc. 52, 275; Ber. 20, 55 (C); 
Jsb. Chem. 1886, 1338; Bull. Soc. chim. 47, 811. 


Synthetical Experiments with Acetoacetic Ester.—Part II. 


The first part of this article (pp. 290-317) is devoted to diaceto 
succinic esters, the remainder to forming pyrrol derivatives from aceto- 
acetic ester. This treated with sodium nitrite forms nitrosoacetoacetic 
ester which mixed with acetoacetic ester and reduced, gives dimethyl- 
myrtol-di-carboxylic ester, C, NH (C H,), (CO. C, H;), [2:4:3:5]. ‘This 
melts at 134°-135° and can be distinguished from its symmetrical 
isomer by its absence of basic properties. By eliminating one of the 
ethyl groups two isomeric mono-ethyl esters of dimethyl-pyrrol-dicar- 
boxylic acid can be produced and from these (1) by eliminating 
ethyl, dimethyl-pyrrol-dicarboxylic acid (2) by eliminating carbon 
dioxid, dimethyl-pyrrol-mono-carboxylic ester. Dimethyl-pyrrol- 
mono-carboxylic acid and dimethyl-pyrrol, C, N(CH;).H,;, were also 
produced. By using the anilid of acetoacetic ester corresponding 
compounds were made and their properties described. 
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PERKIN, Jr., W. H. AND M. OBREMBSKY, 1886. 
Ber. 19, 2045-2055; J. Chem. Soc. 50, 936; Jsb. Chem. 1886, 1397. 
Upon g,-a,-Diacetyl—adipic Acid. 
From the high-boiling residue from the action of ethylene bromid on 


sodacetoacetic ester the authors have isolated di-acetyl-adipic ester, 


i (CHL — CH( CH, COCO) ©. lH. ; : ; 
which is | . It will unite with phenyl- 
Che — CH( CHE CO) COFe He 


hydrazin, one molecule of (Cs5H;N.H)” displacing each atom of oxygen 
of the carbonyl groups. Ethylene-di-methyl-oxyquinizin is also 
formed. ‘The actions of diacetyl-adipic ester with alcoholic ammonia, 
sulfuric acid and alcoholic potash are given. 


POLONOWSKA, NATALIE, 1886. 
Ber. 19, 2402-2406 ; J. Chem. Soc. 50, ro11; Jsb. Chem. 1886, 1386. 
So-called Carbacetoacetic Ester. 


The action of hydrochloric acid on acetoacetic ester is the same as 
that of sulfuric producing an anhydrid, C,s H,, O,, which breaks down 
into isodehydracetic acid and its ethyl ester (as shown by Hantzsch) 
so that Duisberg’s so-called carbacetoacetic ester, Cs H;,O;,, must be 
isodehydracetic ester, C,, H,.0O,. 


PERKIN, JR., W. H., 1886. 
Ber. 19, 2557-2561 ; J. Chem. Soc. 52, 32; Jsb. Chem. 1886, 1332. 
Action of Trimethylenbromid on Acetoacetic Ester. 
The ester, 

CH: 

eno ovat 

culce aie” 

Co, @nish 
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and its acid are further studied. The acid heated with water gives 
aceto-butyl alcohol and by distillation of this, acetobutyl alcohol 
anhydrid is obtained. ‘The ester dissolves in hydrobromic acid to form 
brom-butyl methylketone, CH; CO(CH.,), Br. Analogous compounds 
of some aromatic derivatives are cited. 


PERKIN, JR., W. H. AND P. C. FREER, 1886. 
Ber. 19, 2561-2569; J. Chem. Soc. 52, 33. 
Upon Aceto-trimethylenecarboxylic Ester. 


This substance was proven by its physical properties to have a 
trimethylene formula and thus to be: 





CEL, oH CH 

| | 

CO CO C—O—CH, 
CH, | Il | 
C< | and not CH—CH=CH, Cc CHe 
im CH. | and not | 

Pm, C,H. CO..C_ Ay CO, C2 H. 


It was united with hydrobromic acid to form omega-brom-ethyl-aceto- 
Seemerester, CH, COCH(CH, CH, Br)CO,C,H,, which: is an oil 
which cannot be distilled. Saponifying this oil, aceto-propyl alcohol is 
obtained, (CH, CO)CH, CH, CH, OH, and sodium amalgam reduces 
this to gamma-pentylene glycol, CH, CHOHCH, CH, CH, OH. 


WITT, OTTO N., 1886. 


Ber. 19, 2977-2978 and 3299; J. Chem. Soc. 52, 247; Jsb. Chem. 
1886, 783; Bull Soc. chim. 47, 434. 
Action of Acetoacetic Ester on Aromatic Diamins. 
Acetoacetic ester heated with ortho-toluylene-diamin Cs H, CH, 


(NH.)., gives ethenyl-toluylene-diamin, C-H,CH, aac ar Ek as 
which melts at 201°-202° 
In the second communication the author acknowledges the priority 


of Ladenburg and Rugheimer in the preparation of this compound. 
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KNORR, L., 1886. 
Ann. Chem. 238, 137-219; J. Chem. Soc. 52, 601 ; Ber. 20, 259 (C). 
Synthetical Experiments with Acetoacetic Ester.—Part III. 


The compounds obtained from the action of phenylhydrazin on 
acetoacetic ester, heretofore described by the author as quinizin deriva- 
tives are now considered pyrazolone derivatives, pyrazolone being 
CH,— CO 


ma 
[1:2:3] and not di-methyl oxyquinizin Phenylmethyl pyrazolone is 
described. Phenyltrimethyl pyrazolone [1:3:4:4] obtained from di- 
methyl-acetoacetic ester melts at 55°-56° boils at 300° to 303° and is 


isomeric with methyl antipyrin. Disphenyl-methyl pyrazolone, [1:3:5] 
CO— CH — CH —CO 
CEN | | 
N =C C=N 
CH, CH, 
derivatives are produced and described, among which is pyrazol blue, 
obtained from the above by abstracting the two hydrogen atoms from 
the CH groups. Some of the aromatic and nitrogen compounds of 
the pyrazolones are described and also some halogen compounds of 
antipyrin. 


+>NH. Thus antipyrin is phenyl-dimethyl pyrazolone 


> NC, HH, and a number (of its 


CONRAD, M. and M. GUTHZEIT, 1887. 


Ber.°20, 151-154; J. Chem. Soe, 52,502; Jsb: Chem, 1387, 1omes 
Bull. Soc. chim. 48, 154. 


Dimethyl-pyrondicarboxylic Ester 


This substance, obtained from cupracetoacetic ester and carbonyl 
chlorid, formerly called dehydro-carbonyl-diacetoacetic ester is now 
considered to be a derivative of pyron, 


O 
Ps 
MCAnACE. 
I ccl 
HC er 
Na 


cS 
I 
O 
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in which the methyl groups occupy the 2 and 6 places and the carboxyl 
groups have the 3 and 5 places. It melts at 80 Alkalis decompose 
it into carbon dioxid and acetoacetic ester which is further decomposed 
to its usual decomposition products. 


JAMES, J. WM., 1887, 
J. Chem. Soc. 51, 287-290; Ann. Chem. 240, 61-66. 
Formation of Cyan-acetoacetic Ester. 


By treating monochloracetoacetic ester with potassium cyanid, 
potassium cyanacetoacetic ester was formed to which was given 
the formula CH,(CN)COCHKCO,C,H.. ‘Treating this with an 
acid, produced cyanacetoacetic ester, a liquid which cannot be dis- 
tilled under ordinary pressure. By treating dichloracetoacetic ester, 
called by the author CHCl, COCH, CO, C, H;, with potassium cyanid 
no corresponding compound was formed but potassium ee 
CHCl, CO, K, was the chief product. 


ec 


MICHAEL, A., 1887. 
Am. Chem. J. 9, 112-124; J. prakt. Chem. 143, 349-357; J. Chem. 
Soc. 52, 672; Ber. 20, 258 (C) and 504 (C); Jsb. Chem. 
1887, 1542; Bull. Soc. chim. 48, 520. 
Addition of Sodacetoacetic Ester and Sodomalonic Ester to the 
Esters of Unsaturated Acids, 


» When sodacetoacetic ester is treated with cinnamic ester they unite 
directly and then split off sodium ethoxid forming a compound 


CH, 

Lorie: 

ne 

ee 
on 


which is very unstable decomposing at 100 It acts as a mono-basic 
acid. Acetoacetic ester and citraconic ester, C; H, (C. H:),O,, combine 
directly to form C,; H.,0, an unstable oil boiling at 173°-174° at 
26m.m. pressure. The author makes the point that these substances 
are addition products. 
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MICHAEL, A., 1887, 


J. prakt. Chem. 143, 449-459; Am. Chem. J. 9, 124-129; J. Chem. 
Soc. 52, 716; Ber. 20, 320 (C); Jsb. Chem. 1887, 1536; 
Bull. Soc. chim 48, 521. 
Some New Reactions with Sodacetoacetic Ester. 


By the action of benzoic aldehyde on sodacetoacetic ester a com- 
pound C,, H,. Na, O, is formed which melts at 126°-127° and is solu- 
ble in alkalis. Mustard oils react with sodacetoacetic ester to form 
mono-thio-amids. Phenyl isocyanate forms two compounds with 
sodacetoacetic ester. Anhydrids of dibasic organic acids unite directly 
with sodacetoacetic ester: phthalic anhydrid forming 


C. H 


The action of phenols is to form coumarins. Ureas react to form the 
ureids and sulfo-ureas form the corresponding sulfo derivatives. 
Aldehyde ammonia forms condensation products, with sodacetoacetic 
ester it,forms Cg H;, NaNO,. Sodacetoacetic ester was also found to 
react with lactones, amidins, DO any, bases, guanidin, cyanamid, 
cyanic acid and benzoquinone. 


PERKIN, Jr., W. H., 1887. 
J. Chem. Soc. 51, 484-500 ; Jsb. Chem. 1887, 1815. 
Dehydracetic Acid. 


After reviewing the work done by other chemists on this acid the 
author deduces the formula 
co, H —C— CO — CH 


CHie-o) cer: 

for it. ‘The proof that it contains carbonyl is that it unites with 
phenylhydrazin to form CsHsO0;(N2HC.H;). It will form. no 
acetyl derivative, therefore (two oxygen atoms being in the form of 
carboxyl) the fourth one must be between two carbon atoms. When 
carefully treated with potassium hydroxid, dehydracetic acid gives 
acetoacetic acid therefore it must contain two methyl groups. When 
treated with anilin, dehydracetic methyl ester forms lutidone deriva- 
tives, phenyl-lutidone-carboxylic methyl ester being first produced 
which is decomposed into phenyl lutidone, C; NH(OH) (CH,). Ce H;. 
The bromid acetate, oxim and phenylhydrazin derivatives of dehy- 
dracetic acid were prepared and described. 
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FREER, P. C. AND W. H. PERKIN, Jr., 1887. 
J. Chem. Soc. 51, 820-849; Am. Chem. J. 10, 446-457. 


Action of Ethylene Bromid on Sodium Derivatives of Acetoacetic 
SteGek. iis aoe , 


Experiments with acetoacetic ester and ethylene bromid being 
repeated, it was found that two substances were produced, one as before 
described in Ber. 19, 2561 and the other having the formula 


CTL 
Co — cH, 
¢ — CH, 
Co, CH: 


and being termed methyl-dehydropentone-carboxylic ester. The former 
is produced in much the larger quantities... Acetyltrimethylenecar- 


boxylic ester, 
(Bee 
| 
CO 


eH. 
C— | ’ 
ek ols 
CO, Coo 
(which is the one formerly described) when boiled with water gives 
acetopropyl alcohol, (CH,;CO)CH,CH,CH,OH, but upon being 
heated it becomes acetopropyl anhydrid, CH, a CHCE, and acetyl- 
02 Ser 
trimethylene, 
CH: 
Cr CO — CH. < | 
CH 


2 


HALLER, A. AND A. HELD, 1887. 
Compt. rend. 104, 1627-1629; J. Chem. Soc. 52, 799. 
Cyanacetoacetic Ester. 

This substance obtained by James (J. Chem. Soc. 51, 287) is the 
same as that obtained by the authors in 1882 (Compt. rend. 95, 235) by 
the action of cyanogen chlorid on sodacetoacetic ester. The authors 
give it the composition CH, COCH (CN) CO, C. H;, not as James gave 
fe (CN) COCH; CO, C, H.. 
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WALLACH, 0., 1887. 


Ann. Chem. 241, 288-315 ; J. Chem. Soc. 54, 37; Jsb. Chem. 1887, 763; 
Bull. Soc. chim. 50, 297. 


Nitrosates, Nitrosites and their Derivatives. 

Amylene and nitrogen peroxid unite directly and form, not a dinitrite 
but a nitroso nitrate. This compound C, H,, N2O,, unites with aceto- 
acetic ester to form the crystalline compound CH, COCH (NOC, H,.) 
COC, LH: 


CLAISEN, L. AND O. LOWMAN, 1887. 


Ber. 20, 651-654; J. Chem. Soc. 52, 583; Jsb. Chem. 1887, 2050; 
Bull. Soc. chim. 48, 394. 
Preparation of Benzolacetic Ester. 


Acetoacetic ester is formed in this operation which consists of mixing 
sodium ethoxid and benzoic ester and treating the product with acetic 
acid. ‘The theory is advanced that here as well as in the ordinary 
production of acetoacetic ester an intermediate, addition product is 

P Z 
formed. In the case of acetoacetic ester it would be CH, C& vere Jes 


which is acted upon by acetic ester thus :—CH, ca Hs).+ 


H, CHCO, C, H;=CH, C (ONa) : CHCO, C, H;+ 2C, H; OH. 


CONRAD, M. AND L. LIMPACH, 1887. 


Ber. 20, 944-948 ; J. Chem. Soc. 52, 679; Jsb. Chem. 1887, 1046 ; 
Bull. Soc. chim. 48, 320. 


Synthesis of Quinolin Derivatives from Acetoacetic Ester. 


By heating anilacetoacetic ester, CH; C (NHC. H,;) : CHCO, C, H,, 
it is decomposed and _ besides alcohol, acetone and _ carbanilid, 
CO:(NHC, H.)., it forms y-hydroxy-quinaldin, Cs H, C, HOHCH, N, 
[OH:CH,=2':4'], which melts at 230°-231° and distills at 360° with 
some decomposition. It is very bitter and gives an intensely reddish 
yellow color with ferric chlorid. A number of its salts and derivatives 
were described, phenylamidoquinaldin, methoxyquinaldin and some 
derivatives containing chlorin, bromin and nitrogen. 
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HANTZSCH, A. AND H. ZURCHER, 1887. 


Ber. 20, 1328-1332; Jsb. Chem. 1887, 1461; Bull. Soc. chim. 48, 747. 
Polycoumarins. 


By treating polyhydric phenols with an excess of acetoacetic ester 
and sulfuric acid, polycoumarins are formed. Di-methyl di-coumarin, 
C-H PeCH.2CH = f df. oe pi: 

6t2< LO CO | >, formed from acetoacetic ester and resorcin, 
Cs H, (OH),, is a white powder almost insoluble in ordinary solvents, 
soluble in alkalis from which solution acids precipitate di-methyl] dicou- 


( CCH, CHCO, H ) 
H hs 


matic acid, Cs H.< LO Acetoacetic ester treated 


with phloroglucin gives trimethyl tricoumarin, C5< lemiees oS | 

3) 
which is also a powder difficultly soluble except in alkalis from which 
solution the corresponding acid is obtained. These acids easily give 
up water and are changed back into the lactones. 


DELISLE, A., 1887. 


Ber. 20, 2008; J. Chem. Soc. 52, 915; Jsb. Chem. 1887, 1719; 
Bull. Soc. chim. 48, 659. 
Action of Sulfur Dichlorid on Acetoacetic Ester. 
Preliminary Notice. 


By treating acetoacetic ester with sulfur dichlorid, hydrochloric acid 
was given off and the mixture solidified. The new substance, 
C,. Hi, 06S, forms beautiful colorless crystals which are insoluble in 
water but soluble in barium hydroxid, forming a barium salt. ‘The 
substance softens at 75° and melts at go° to 91°? 


BENDER, G., 1887. 


Ber. 20, 2747-2752; J. Chem. Soc. 54, 53. 
Action of Phenylhydrazin on Chloracetoacetic Ester. 


By this action a compound C,, H,, N,O, was formed, it is probable 
that CH,C (N, HC; H,) CHCICO, R is first formed which changes 
Seino (CH,CH (N,C.H;) CHCICO,R and. then into CH,C 
(N,C. H;): CHCO,R which is $-phenylazocrotonic ester, melting at 
50.5: This can be reduced to phenylmethyl-pyrazolone. 

a-Naphthylamin and chloracetoacetic ester unite to form a compound 
Cis Hig NO, Cl, which melts at 75° > 
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JAPP, FRANCIS AND FELIX KLINGEMANN, 1887 
Ber. 20, 2942-2944. 
Benzene-azo- and Benzenehydrazo-fatty Acids. 

When sodium-methyl-acetoacetic ester is treated with diazobenzene- 
chlorid, Cs H;, N.2 Cl, the diazo group takes the place of the acetyl group 
and benzene-a-azo-propionic ester, Cs H. N,CH (CH,) CO,C,H;, is 
produced. It is a yellow crystalline substance which melts at 117? 
The free acid and a number of its aromatic derivatives were produced 
from it. 





nr 


SCHIFF, HUGO, 1887. 
Ann. Chem. 244, 19-28; J. Chem. Soc. 54, 572. 


Compounds of Sugars with Aldehydes and Acetone. } 
Among other compounds described in this article is the one obtained _ i 
from stigar and acetoacetic ester, corresponding to the formula 
Ce Hy O; Cs He OG, which isiquite stable: ty 


CONRAD, M. AND W. EPSTEIN, 1887. 


Ber. 20, 3052-3058 ; J. Chem. Soc. 54, 253; Jsb. Chem. 1887, 1719; 
Bull. Soc. chim. 49, 639. 
Action of Ammonia on Acetoacetic Esters. 


Amido-acetoacetic methyl ester, CH, C-( NH.) :CHCO,CH,, pre 
pared from acetoacetic methyl ester and ammonia gas is a colorless j 
crystalline substance, which melts at 85° and sublimes unchanged. 
Amido-ethylacetoacetic methylester, CH,C- (NH.) C (C, H,) CO, CH, 
formed from ethylacetoacetic methyl ester, melts at 36°-37° Referring 
to Brandes’ obtaining two compounds from this reaction the author 
thinks it probable that he had some acetoacetic ester with his ethyl- 
acetoacetic ester and so obtained the two corresponding compounds, 
Amido-acetoacetic esters acted upon by sodium form sodium compounds 
which with an alkyl iodid form amidoalkylacetoacetic esters. | Amido- 
ethyl-acetoacetic ethyl ester formed similarly melts at 60? Di-ethyl- 
acetoacetic ester will give no amid which proves that these compounds 

¢ 


8c 
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are amido-crotonic-esters and not imido-butyric esters. An interesting 
fact is noted in regard to the melting points of these compounds. In- 
troducing a methyl into the mehy/ ester lowers the melting point 26° 
and introducing an ethyl lowers it 8°, while in the e¢hy/ ester the intro- 
duction of a methyl raises the melting point 15° and the introduction of 
an ethyl raises it 23? 


JAPP, FRANCIS AND FELIX KLINGEMANN, 1887. 
Ber. 20, 3284-3286 and 3398-3401. 


Benzene-azo- and Benzenehydrazopropionic Acids. 


Discussion is taken up in regard to the constitution of the benzene- 
a-azopropionic acid, before described, and the formuia is changed to 
CH, C(: NH = N—C; H,) CO, H, as it is found to be identical with 
phenylhydrazin pyroracemic acid. 


PETERS, T., 1887. 


met 20, 3318-3324; J. Chem. Soc. 54, 253; Jsb. Chem. 1887, 3318; 
Bull. Soc. chim. 49, 696. 


Action of Aqueous Ammonia on Alkylated Acetoacetic Esters and 
of Alcohols on the Carboxylic Alkyl Group in 
Acetoacetic Esters. 


Repeating Brandes’ experiment with aqueous ammonia, the author 
obtained with ethyl-acetoacetic ester besides amido-ethyl-acetoacetic 
ester, an ethyl-acetoacetamid, CH, COCH (C, H;) CONH, melting at 
96° which is undoubtedly Brandes’ second body. Methyl-, isobutyl- 
and isoamyl-acetoacetamids were obtained from the corresponding 
esters; they melt respectively at 73°, 85°and127° The author finds that 
the isobutyl and isoamyl esters may be readily prepared by the action 
of the respective alcohol on the ethyl ester, especially in the presence 
of a small quantity of sodium. 
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OTTO, ROBERT, 1888. 
Ber. 21, 89-99; J. Chem. Soc. 54, 360. 


Analogy between the Ketonic Acids and the Alkyl Sulfones of 
the Fatty Acids. 


Some alkyl sulfones of the fatty acids of the formule RSO,CO,H ; 
RSO, CH, CO, H and RSO,CH,CH,CO.,H were described and the 
points of resemblance between them and the corresponding ketonic 
acids pointed out. 


BERGREEN, HENRY, 1888. 


Ber. 21, 337-352; J. Chem. Soc. 54, 444; Bull. Soc. chim. 50, 556. 
Thiocarbonyl Chlorid. 


The action of thiocarbony! chlorid on sodium and copper acetoacetic 
esters is given in this article (Ber. pps. 347-348) by which is produced 
thiocarbonylacetoacetic ester, a solid which softens at 152° and melts at 
156° to 162° The formula (CH, COW (ES) CO, C, H.]; is ascribed toe 
as the author thinks it is not a simple molecule. It will not react with 
phenylhydrazin or hydroxyl-amin. ‘Thiocarbonyl chlorid acting on 
sodium methyl-acetoacetic ester produces an oil free from chlorin, which 
contains sulfur. It cannot be distilled and no crystalline product can 
be obtained from it. 


BONGARTZ, J., 1888. 
Ber. 21, 478-487 ; J. Chem. Soc. 54, 478. 


Compounds of Aldehydes, Ketones and Ketonic Acids with 
Thioglycollic Acid. 

The action of hydrochloric acid gas on a mixture of thioglycollic 
acid and acetoacetic ester is given in this article (Ber. p. 485) by which 
a white crystalline powder is formed which melts at 95° to 96° It is 
acetoacetic ester dithioglycollic acid and has the formula 


OCH. CoO; HB), 


CHC Senconc E. 
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HALLER, A. AND A. HELD, 1888. 
Compt. rend. 105, 115-117; J. Chem. Soc. 52, 1029. 
Cyan-acetoacetic Ester. 


A new method of producing this compound is given. Cyanacetic 
ester dissolved in alcohol is mixed with sodium dissolved in alcohol and 
acetyl chlorid in ether. ‘The equation given is 2 CH(CN)NaCO.C.H, 
+ CH, COCI= NaCl+ CH,(CN )CO,C,H;+ CH,COC(CN) NaCO.C_H,. 
This shows conclusively that the composition of the compound is that 
here assigned to it. 


HALLER, A. AND A. HELD, 1888. 


Compt. rend. 106, 210-213; Bull. Soc. chim. 49, 243; J. Chem. Soc. 
54, 579; Ber- 21, 187 (C). 
Cyan-acetoacetic Methyl Ester. 


This body, CH; COCH (CN) CO, CH;, was prepared from cyanogen 
chlorid and a mixture of acetoacetic methyl ester and sodium methoxid. 
It melts at 46.5° It wasalso prepared by treating sodcyanacetic methyl 
ester with acetyl chlorid. The sodium and calcium compounds were 
prepared. 


GENVRESSE, P., 1888. 
Compt. -rend. 107, 687-689; J. Chem. Soc. 56, 122; Ber. 21, 831 (C). 
Chlorin Derivatives of Acetoacetic Ester. 


Dichlor-acetoacetic ester can be decomposed by hydrochloric acid 
into unsymmetrical dichloracetone, wherefore, (?) the formula CHC1, 
COCH, CO, C, H, is assigned to it. For similar reasons the trichlor- 
derivative is supposed to be CCl, COCH, CO, C. H:, tetrachlor deriva- 
tive CCl, COCHCICO,C,H;, and the penta-chlor derivative CCl, 
COCCL, CO,C,H;. Two compounds containing, one, seven and the 
Other nine atoms of chlorin were also produced, described and given 
meromilce CCl, COCCI, CO, C,H, Cl, and CCl, COCCL CO, CHCl,. 


Acetoacetic methyl ester yields similar derivatives. 
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GEUTHER, A., 1888. 
Ann. Chem. 244, 190-221; J. Chem. Soc. 54, 579; Ber. 21, 295 (C). 


Constitution of Acetoacetic, Succinosuccinic and 
Quinone-hydro-dicarboxylic Acids. 


The author contends for the constitution of acetoacetic ester as 
CH, COH : CHCO, C, H,, giving as a proof of the hydroxyl group the 
similarity of reactions between acetoacetic ester and phenol and salicylic- 
ester, (1) towards potassium hydroxid and then carbon dioxid when, 
he states, the original substances are regained, (2) towards potassium 
cyanid, when potassium compounds are produced, although the potas- 
sium compounds of salicylic and succinosuccinic esters are decomposed 
into alcohol and the potassium salts and the acetoacetic ester compound 
is decomposed into alcohol and the potassium salt, which latter is then 
further decomposed into potassium carbonate and acetone, (3) towards 
ferric chlorid, as to the colors produced. He cites the easy decompo- 
sition of acetyl-acetoacetic ester as a proof that it has the formula 
CH, CO (COCH,) : CHCO,C, H;. In the formation of sod-acetoacetic 
ester he supposes the intermediate bivalent group CH, CONa: is formed 
which unites with acetic ester liberating two atoms of hydrogen. 


MEISTER, JOHANNES, 1888. 
Ann. Chem. 244, 233-253; J. Chem. Soc. 54, 675; Ber. 21, 427 (C). 


Condensation Product of Urethane and Acetoacetic Ester. 


Acetoacetic ester and urethane condense thus : CH, COCH, CO, R+ 
“2 ZANTEICO,1C, tal. ; 

INE CO7C) HCH. C_cHCo, C, egy QO. The product is the 
same as that produced from chlor-carbonic ester and paramido-aceto- 
acetic ester and so is given the above formula. Alcoholic potash saponi- 
fies it giving an oil C,, H., NO¢, considered as 

CHIC COME Rete O, Ch 

>NH 

CH, COCO CO; Cor.: 
A tribrom-derivative of the condensation product was formed but a 
trichlor-derivative could not be formed. 
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Alcoholic ammonia acts on it to form a body C,H,, N;0,, which 


, NHCONH, 
may be represented thus :—CH,C ANH: and which is 
“CHC—OH 
\ OC, H; 
B-uramidocrotonic amid together with one molecule of alcohol. 
Boiling this with water decomposes it into urea, acetone, alcohol, car- 


bon dioxid and ammonia. 


MEWES, W.., 1888. 
Ann. Chem. 245, 58-84; J. Chem. Soc. 54, 817; Ber. 21, 473 (C). 


Halogen Substitution Products of Acetoacetic Ester 
and their Behavior with Sodethoxid. 


Passing chlorin through acetoacetic ester produces the mono-, di-, 
tri- and tetra-chlor-acetoacetic esters which boil at 194°, 205°-207°, 223°- 
225°, and 245°-250° respectively. Some difficulty was found in entirely 
separating them from one another. The bromo-chlor-acetoacetic esters 
were formed by treating the chlor-acetoacetic esters with bromin and 
also by treating the bromo-acetoacetic esters with chlorin. Sodethoxid 
decomposes all of the halogen derivatives forming the mono- or di- 
halogen acetic esters. Bromoacetoacetic ester with sodethoxid yields 
succinosuccinic ester. When the chlorobrom-substitution products are 
treated with sodethoxid, sodium dvomzd is always formed. 


KNORR, L., 1888. 


Ann. Chem. 245, 357-382; J. Chem Soc. 54, 1111; Ber. 21, 628 (C). 
Synthetical Researches on Acetoacetic Ester. Part IV. 

Methyl-acetoacetic anilid, CH,COCH (CH,) CONHC.H, , which was 
prepared from methyl-acetoacetic ester and anilin, melts at 138° to 140° 
Sulfuric acid changes it into dimethyl-carbostyril [3':4’], a weak acid 
from which the-dimethyl product C, H,OH (CH;).N was obtained. 
Chlor-dimethyl-quinolin [Cl : (CH, ),=2':3/:4’], ortho-[4’:1], meta- and 
para-[4’:3] dimethyl-quinolin were described together with some phenyl, 
nitrogenous derivatives. 
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JAPP, FRANCIS AND FELIX KLINGMANN, 1888, 
Ber. 21, 549-551. 


Formation of Mono- and Di-hydrazin Derivatives of c-Di-ketones. | 


Methyl-acetoacetic acid and diazobenzene chlorid, Cg H, N, Cl, react 
and form the monophenylhydrazin derivative of diacetyl, 
CH, COCEH: 
\ 


N-NHC, H; 
which melts at 133° If treated with phenylhydrazin the di-phenyl- 
hydrazin derivative is formed. Ethyl-acetoacetic acid reacts similarly 
and gives rise to the corresponding compounds. 


CLAISEN, L. AND N. STYLOS, 1888. 


Ber. 21, 1144-1149; J. Chem. Soc. 54, 671. 
Acetoacetic-aldehyde. 


The sodium compound of acetoacetic-aldehyde, CH, COCHNaCHO, 
was prepared from acetone, formic ester and sodium ethoxid. The free 
aldehyde could not be isolated on account of its tendancy to break down 
into symmetrical triacetyl benzene, which was made and described. 
The anilid, toluidid and napthalid of the aldehyde were prepared. 
Treated with phenylhydrazin, methyl-phenyl-pyrazole, 


cH = C(CH3)~ no, H,, was obtained. 
CH=N 


PECHMANN, H. v., 1888. 


Ber. 21, 1411-1422; J. Chem: Soc. 54, Sir: 
a-Diketones. 


The diketones described in this article are prepared from monoalkyl 
acetoacetic esters, by saponifying with dilute alkali, treating the pro- 
duct with sodium nitrite and sulfuric acid and after removing the alco- 
hol by distillation, adding twenty times the volume of dilute sulfuric 
acid and distilling with steam. Methyl-acetoacetic ester treated in this 
manner gives diacetyl, CH, COCOCH,, and ethyl-acetoacetic ester gives 
acetyl-propionyl, CH, COCOCH, CH;. 
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BEYER, ©. AND L. CLAISEN, 1888. 
Ber. 21, 1697-1705. 
Mixed Azo Compounds. 


In this article some azo compounds are described which are formed 
from acetoacetic esters. 


GRIESS, P. AND G. HARROW, 1888. 


Ber. 21, 2740-2743; J. Chem. Soc. 54, 1313. 
Action of Acetoacetic Ester on Hexamethylenetetramin. 


When acetoacetic ester acts on hexamethylenetetramin, (CH,)¢N 
in presence of zine chlorid, lutidin-di-carboxylic ester and hydro- 
lutidin-di-carboxylic ester are formed. The latter, C;NHH.(CH,), 
(CO, C. H;)2, melts at 170°, is neutral and is considerably decomposed 
upon being distilled. Treated with hydrochloric acid it gives two pro- 
ducts, the mono- and di-ethyl esters of lutidin-dicarboxylic acid. 


- MICHAEL, A., 1888. 


J. prakt. Chem. 145, 473-530; Am Chem. J. 10, 158-160; J. Chem. 
Soc. 54, 1054; Ber. 21, 530 (C) ; Bull. Soc. chim. 50, 690. 


Constitution of Sodacetoacetic Ester. 

By the action of chlor-carbonic ester on sodacetoacetic ester, carb- 
ethoxacetoacetic ester was produced which boils unchanged at 127° at 
17mm. pressure. No sodium derivative of this could be prepared, con- 
sequently it was considered to be an isomer of aceto-malonic ester, 
which does easily form a sodium derivative, and its formation was 
supposed to be thus :—CH, CONa:CHCO,.C,H,+ ClCO,C,H;=CH;CO 
(CO, C, H;): CHCO,C, H,+ NaCl. In the author’s opinion acetoacetic 
ester itself is a ketone. He gives as a formula for benzalacetoacetic 
ester CH, ee ce CO.C.H;, which explains its loss of ketone properties 


O—CHC, H 
and to explain the ean between bodies analogous to acetoacetic 
ester such as levolinic acid, CH, COCH, CH, CO, H, and acetyl chlorid, 


he supposes an addition product thus :— 
Oe OO a 
CH, €O--- ete. - CH, COCI=CH,—C- -= - - etc. 
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and a subsequent separation of hydrochloric acid forming a lactone. 

In the formation of sodacetoacetic ester an aldol polymerization is 
supposed to take place first, the product of which is acted upon by 
OCzH. 
CH; CONC? Hey: then 





: Va 
sodium thus :— 2CH, CO,C,H,=CH;C 


~OH 
~ OC, Bs 
sodium forms CH, C——CH, CO, C,H,;, which is again acted upon by 
\ONa 


sodium to form CH, CONaCHCO, C,H,, NaOC, H,;and H. If sodium 
be made to act on acetoacetic ester, CH, COCHNaCO, C, H, is formed 
but the sodium is immediately attracted to the carbonyl group and it 
changes to form CH, CONa:CHCO, C, H;. When this last compound 
is treated with an alkyl iodid, C, H, 1 for example, there is an addition 
product formed and as the group—CONa=is more positive than the 
group=CH—, the iodin add to the former and the ethyl adds to the 


/ONa 

=CH—group forming CH, C —— CH (C, H;) CO,C, H; from which 
oT 

sodium iodid separates leaving CH, COCH (C,H;) CO, C. Hs. 


POLONOWSKY, M., 1888. 
Ann. Chem. 246, 1-32; J. Chem. Soc. 54, 1067 ; Ber. 21, 636 (C). 


Condensation of Glyoxal with Acetoacetic Esters. 


By treating a mixture of glyoxal, CHOCHO, and acetoacetic ester 
with zine chlorid two products are formed, (1) a part soluble in alkalis 
which contains methyl-furfuran carboxyacetic or sylvanecarboxyacetic 
acid, Ben (Eee eo te which melts at 207? The normal 
and acid, methyl and ethyl esters were produced and described ; (2) a 
part insoluble in alkalis which consists of a heavy oil and a crystalline 
substance, both having the composition C,, H;s O.¢. The oil is di-ethyl- 
sylvane-carboxy-acetoacetic ester which is :— 





CH, 

| 

CO CH2-4(CH,) Cc 
| | 

CH C(CONCHET.) C 


| 
COLC7H: 
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JAECKLE, A., 1888. 
Ann. Chem. 246, 32-52; J. Chem. Soc. 54, 1103; Ber. 21, 638 (C). 
Higher Homologues of the Synthetical Pyridins and Piperidins. 


The normal propyl-lutidin hydrodicarboxylic ester, C; NH, (CH;), 
C,;H,(CO.C,H,;)., obtained from normal butaldehyde and ammonia 
acting on acetoacetic ester and alcohol, is a crystalline substance melt- 
ing at 118? From this the normal propyl-lutidin-dicarboxylic ester, 
the free acid and the normal propyl-lutidin were prepared. Hexyl- 
lutidin hydrodicarboxylic ester was prepared from ammonia, acetoacetic 
ester and oenanthol, Cs H;; CHO, and from it pnormal hexyl-lutidin, 
C, NH, (CH;),CsH:;. A number of piperidins were obtained from 
the corresponding pyridins and described. 


WISLICENUS, WILHELM, 1888. 
Ann. Chem. 246, 306-309. 
Synthesis of Ketone Acid Esters. 

As a portion of this article the author briefly reviews the controversy 
as to the formation of acetoacetic ester from sodium and acetic ester. 
He thinks that sodium acts on alcohol to form sodethoxid and liberate 
hydrogen, that the sodethoxid reacts with acetic ester to produce 
sodacetoacetic ester and alcohol and that thus alcohol is continually 
produced and used up again. Some of the hydrogen is used up in 
secondary reactions and some is given off. He doubts the formation of 
a sodacetic ester as an intermediate product. 


JAPP, FRANCIS R. AND FELIX KLINGEMANN, 1888. 
Ann. Chem. 247, 190-225; J. Chem. Soc. 53, 519-544. 
Constitution of the So-called Mixed Azo Compounds. 


The compounds treated of in this article were prepared from aceto- 
acetic esters. 
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PECHMANN, H. v., 1888. 
Ber. 21, 3005-3006 ; J. Chem. Soc. 56, 42. 
Condensation Product of Quinone and Acetoacetic Ester, 


When quinone, Cs H, O., is brought in contact with acetoacetic ester 
in the presence of zinc chlorid they react to form a substance Cy6 Hi6 Oc , 
which melts at 1842 ‘This substance will not react with phenylhydrazin, 
benzoic chlorid, sodium ethoxid or alkyl iodids. ‘Treated with potas- 
sium hydroxid and then an acid a crystalline dibasic acid C,, H,,.O6 
is formed which is insoluble in ordinary solvents and sublimes without 
melting. The salt C,,H,. K,0O¢6 + 2H.,O was prepared. 


CLAISEN, L. AND W. ZEDEL, 1888. 


Ber. 21, 3397-3398 ; J. Chem. Soc. 54, 377. 
Action of Chlorcarbonic Ester on the Sodium Derivatives of 
Acetylacetone, Acetoacetic Ester and Malonic Ester. 


The product obtained by treating acetoacetic ester with chlorcarbonic 
ester was thought to be the dicarboxylic ester of acetoacetic ester and 
to have the formula;CH, COC (CO7C7 o.), CO, C, Ha 


CLAISEN, L., 1888. 
Ber. 21, 3567. 
A Correction. 


By further experiments the author has decided that the compound 
formed from acetoacetic ester and chlorcarbonic ester is the mono- not 
the di-carboxylic derivative of acetoacetic ester, that it is CH, COCH 
(CO;'C, H.) CO, Co He and nofseMe COE (CO; CoH), CO, Cane 
stated by him in Ber. 21, 3397.T 





*See following article. 
+See preceding article. 
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KNORR, L., 1889. 
Ber. 22, 146-152; J. Chem. Soc. 56, 384. 


Constitution of Carbopyrotritartaric Acid. 


Fittig gives this acid the unsymmetrical formula 


CH,—C ——CHCO, H , 
. Il | 
HC CHCO, Hi 
NS fe 
¢ 
O 


while the author gives it a symmetrical one :— 
COZ,NC—CCO; 
ee 
CHAe- CCH 
Ni 
O 


and says that this formula is proven by the fact that only one pyrotri- 
tartaric acid and only one hydrogen-ethyl ester can be formed from it. 


RAYMANN, B. AND K. CHODOUNSKY, 1889. 
Ber. 22, 304-305; J. Chem. Soc. 56, 485. 
Rhamnodiazin. 


Rhamnodiazin, C,g H;,N,Os, is formed from rhamnose, CH, 
(CHOH), CHO, and ammonia and acetoacetic ester in methyl alcohol 
solution. It melts at 186° Other glucoses seem to yield similar com- 
pounds when treated with acetoacetic ester and ammonia. 
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DELISLE, A., 1889. 
Ber. 22, 306-309 ; J. Chem. Soc. 56, 488. 
Ketosulfids and Ketosulfid Acids. 


The compound described in Ber. 20, 2008, obtained from acetoacetic 
ester and sulfur dichlorid is found to be C,,H,;sO¢S intead of CioH14065 
and the formula 

CH: CiCHCe7 CoH. 
| 


O 
\ 
S 
yi, 
O 


| 
CHec. CHICO, C) oH. 
is ascribed to it. 


HELD, A., 1880. 
Ann. chim. phys. [6] 18, 468-531; Ber. 23, 287 (C). 


Derivatives of Cyanacetoacetic Esters. 


The first part of this article is the same as that in Bull. Soc. chim. 
[3]1, 306*. By treating cyanacetoacetic ester with ammonia, amido- 
cyanacetoacetic ester, CH, C (NH,):C (CN) CO.R, is obtained which 
melts at 188° It is neutral wherefore the above formula is given to it. 
When it is treated with an alkali, sodcyanacetoacetic ester is obtained. 
If sulfuric acid be added to the mother liquor left after the formation of 
the above, a monobasic acid C, H¢ N.O, is obtained. The sodium, 
barium, ammonium, silver, copper and lead salts and ethyl ester were 
described. When heated with hydrochloric acid, carbon dioxid is given 
off and another acid Cs H, NO, is formed. The author is at work on 
the constitution of these acids. Ethylamin acts on cyanacetoacetic 
ester to produce the compound CH, C (NHC, H,):C(CN) CO, R and 
theiacid C, Hi, N2O;. Cyanacctoaeetic ester boiled with water gives 
Cs Hs N, O which sublimes at 200° and is a condensation product of 
cyanacetone, 


CHCOCH, (CN) 
ll 
CH, CCH: (CN). 





*See page 105. 





“AGELO’ ‘ACETIC: ESPER 105 


HALLER, A. AND A. HELD, 1880. 
Compt. rend. 108, 516-518; J. Chem. Soc. 56, 588; Ber. 22, 255 (C). 
Monochlor-acetoacetic Esters. 


Two monochlor derivatives of acetoacetic ester were formed, the a, 
and the 7. ‘The latter by passing chlorin into acetoacetic ester at low 
temperatures. It boils at 188°-189? It can be distinguished from the 
a product by the fact that the latter readily forms an insoluble cyanid 
with potassium cyanid. 


HELD, A., 1880. 


Bull. Soc. chim. [3] 1, 306-311; Ber. 22, 407 (C); J. Chem. 
Soc. 56, 1141. 
Derivatives of Cyanacetoacetic Ester. 


Bromin reacts with cyanacetoacetic ester to form a dibrom derivative, 
CH, BrCOCBr (CN) CO, C, H;, a yellowish red liquid which decom- 
poses upon being distilled even under reduced pressure. Chlorin forms 
with cyanacetoacetic ester Cs H, (CN) Cl. O;, which boils at go0° to 105° 
with 20 to 25 mm. pressure and decomposes spontaneously. Ethyl- 
cyanacetoacetic ester CH, COC (C, H;) (CN) CO, C, H;, prepared from 
ethyl-sodacetoacetic ester and cyanogen chlorid, boils at 103° to 105° at 
25 m.m. pressure. Potassium hydroxid decomposes it into acetic and 
butyric acids. Methyl-cyanacetoacetic ester prepared similarly boils at 
go° to 92° at 20 m.m. pressure. Potassium hydroxid decomposes it into 
acetic and propionic acids. Unsuccessful attempts were made to pre- - 
pare cyanacetoacetic acid. 


CURTIUS, TH. AND R. JAY, 1880. 
J. prakt. Chem. [2] 39, 27-58; Ber. 22, 134 (C); J. Chem. Soc. 56, 393. 
Hydrazin. 


On pages 51 and 52 of this article the reaction between acetoacetic 
ester and hydrazin hydrate, N,H,, H.O, is treated of. Methyl pyra- 


H,C—CO 
zolone, | >NH, is formed which is a crystalline substance 
CH, C=N 


melting at 215°, which will dissolve in both acids and alkalis. 
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BIGINELLI, P., 1889. 
Gazz.* chim. 19, 212-214 ; Ber. 22, 688 (C); J. Chem. Soc. 58, 768. 


Action of Acetoacetic Ester on Cinnamaldehyde. 


When acetoacetic ester, cinnamaldehyde and ethylen-diamin are 
mixed and heated, a reaction takes place and a crystalline substance, 
C., H.¢ O¢ is formed which melts at 160°-161° It will give a bromin 
derivative and is decomposed by caustic potash. Methylamin or anilin 
may be used in place of ethylendiamin without changing the result. 
If benzaldehyde be used in place of cinnamaldehyde a compound free 
from nitrogen is obtained but if propaldehyde is used a compound con- 
taining nitrogen is produced. 


BIGINELLI, P., 1880. 
Gazz.* chim. 19, 215-217; Ber. 22, 689 (C); J. Chem. Soc. 58, 732. 
Action of Acetoacetic Ester on Dextrose in 


Alcoholic Ammonia. 


In this reaction two compounds are formed, Cis H.5 Os N a neutral 
substance which melts at 189°-19g0° and C,. His O; N, which melts at 
130°-131° ‘The latter was formed in sealed tubes at 100° to f10? The 
author is continuing the investigation of these reactions. 


KIPPING, F. STANLEY AND W. H. PERKIN, Jr., 1889. 
J. Chem. Soc. 55, 330-351 ; Ber. 22, 571 (C). 


a-w-diacetyl=-pentane and a-w-dibenzoyl-pentane. 


In the researches upon these compounds the first one was made from 
acetoacetic ester. Sodacetoacetic ester was treated with trimethylene 
bromid and after the reaction more sodium dissolved in alcohol was 





*Original article not consulted. 
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added. ‘This process gave a much better yield than any other method 
tried. The product obtained is methyl-dehydrohexone carboxylic ester, 


CH, 
eau = ont 
© ees 4 CI. 
CO. C. H, 


This is changed by hydrobromic acid into aceto-butyl-bromid, CH, CO 
(CH,), Br, and this by sodacetoacetic ester into a-w-diacetylcaproate. 


CH, 
co 

CH—(CH,), COCH,, 
CO, C, Hy 


Treating this with potassium hydroxid the free acid is produced and by 
heating this carbon dioxid is given off and «a-w-diacetyl-pentane, 
CH, CO (CH,); COCH,, is obtained. Several derivatives of this are 
described. 


FITTIG, R., FRITZ VON EYNERN AND ADOLF DIETZEL, 18809, 


Ann. Chem. 250, 166-211 ; J. Chem. Soc. 56, 592 ; 
Ber. 22, 200 (C). 


Condensation of =-Ketonic Esters with Dibasic Acids. 


After a discussion of the constitution of the products of condensation 
of succinic and pyruvic acids with acetoacetic ester, it is decided that 
they are all derived from, either 


CO CH3CH pC: CH 
a | 

CH, CH, or from C (OH) ~ CH CH.. 
Pyrotritartaric acid is now called uvitic acid and carbpyrotritartaric 
acid is now called carbuvitic acid. When acetoacetic ester, acetic 
anhydrid and sodium succinate are heated together they give hydrogen 
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methronic ester, Cs H, (C2 H;) O;, a crystalline substance which melts 
at 75°-76° The calcium, barium and silver salts were described. From 
it was prepared methronic acid, 


CH, C — CHCO,H 


CoO; oe ae 
\s. of 
€ 
O 
which decomposes at high temperatures to form uvic acid. Methronic 
diethyl ester, Cs He (C2 H;)2O,;, and a phenylhydrazin derivative were 
also. described. By heating acetoacetic ester and pyruvic acid, 


CH, COCO, H, with acetic anhydrid, hydrogen methyl methronic ester 
is formed and from this the methyl-methronic acid which is 


CH 
ean — Hi ae H ai — C<60-H 
CO, HC CHCHe- Pen, CO, HC CE. 
Neth Z, Sot 
c (G 
O O 


No acid salts of this are known but the normal calcium, barium and 
silver salts were described. Methyl-methronic diethyl ester was also 
described. From methyl-methronic acid were obtained methyl-uvic acid, 


CH, C — CHCO, H CHac Cee 
eer hoe ae 
HC CHCH. or EEC CH 3 
Nay, iy 
C C 
O O 
and dimethyl-keto-pentene, 
GHeC = CHE CH, © — CHCHy, 
| | or I | 
He™ CHeHte. ic) (GE 
NUR Ne 
C C 
O O 
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ZURCHER, H., 1880. 
Ann. Chem. 250, 281-294; J. Chem. Soc. 56, 725; Ber. 22, 258 (C). 


Action of Thiocyanates and Thiocarbamids on 
Chlorinated Acetoacetic Esters. 


Methyl-oxythiazole-carboxylic ester, 


Cer co Ss: 
I | 
CH,C  COH 


Var 
N 


is formed from monochlor-acetoacetic ester and a metallic thiocyanate. 
Some of its reactions and derivatives are described. Thiocarbamid 
acting on monochlor-acetoacetic ester gives amidomethyl-thiazole- 
carboxylic ester, 
co; C; H, Pie Cc ar, S 
I | 
CHa © CNH 
Nate 
N 


from which the free acid and some of its salts were obtained. Dichlor- 
acetoacetic ester reacts with barium thiocyanate to form a compound 
Ci, HisO,N.2S.. With thiocarbamid dichlor-acetoacetic ester does 
not react. 


FEIST, FRANZ, 1889. 
Ber. 22, 1570-1571 ; J. Chem. Soc. 56, 957; Bull. Soc. chim. [3]3, 657. 
Dehydracetic Acid. 


Dehydracetic acid when treated with hydriodic acid gives dimethyl- 


pyrone, ee > O, which melts at 132°, boils at 248°-249° 
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at 719 m.m. pressure. An aqueous solution of this gives with barium 
hydroxid C, Hs O; Ba a (xantho) barium salt, 


O— Ba—O 
| | 
CHac CCH, 
I l 
Cr CH 
N a 
CO 


which, when treated with hydrochloric acid gives a tri-ketone 
CH, COCH:, COCH? COCH,, which melts at 49° and at higher 
temperatures gives off water and forms dimethyl-pyrone again. 
When the triketone is heated with ammonia, lutidone is formed. 


KRAFFT, F. AND J. MAI, 1880. 


Ber. 22, 1757-1759; J. Chem. Soc. 56, 1017. 
Myristic Aldehyde. 


When myristic aldehyde, C,, H., CHO, ammonia and acetoacetic ester 
are mixed a reaction takes place and hydrotridecyl-lutidin-dicarboxylic 
ester, 


Cr H,, 


| 
Cc 


ZoN 
CO, GACH eNeCO;C! KH, , 


| 
CH Coane CH: 
i 
N 


is formed, which melts at 60° From this were formed the corres- 
ponding compounds ; —tridecyl-lutidin-di-carboxylic ester, tridecyl- 
lutidin-di-carboxylic acid and tridecyl-lutidin. 
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SCHONBRODT, R., 1889. 
Ann. Chem. 253, 168-205 ; J. Chem. Soc. 58, 27; Ber. 22, 680 (C). 
Derivatives of Acetoacetic Ester. 


By passing chlorin through cupracetoacetic ester in chloroform the 
mono- and di-chlor derivatives were formed and the corresponding 
bromin derivatives were similarly formed. Iodacetoacetic ester pro- 
duced from cupracetoacetic ester and iodin is an unstable oil which 
decomposes at 25° in a vacuum, its specific gravity is 1.705 at 14°, in 
alcoholic solution it gives a blood red color with ferric chlorid. Silver 
chlorid converts it into mono-chlor-acetoacetic ester. When treated 
with silver nitrite an oil is produced which gives a blood red color with 
ferric chlorid and suifuric acid and which is probably nitroacetoacetic 
ester. Treated with phenylhydrazin it gives phenyl-methyl-nitroso- 
pyrazolone[1:3:4:5]. Sodacetoacetic ester and iodacetoacetic ester 
give diacetosuccinic ester. Iodacetoacetic ester and metallic silver give 

CH. COCCO; R 


He Cocco, R 
benzene with sulfur gives thioacetoacetic ester. In presence of alcohol, 
phosphorus acts on cupracetoacetic ester to form acetoacetic ester and 
tri-ethyl phosphite, P(OC, H;),. Cupracetoacetic ester and arsenic 
trichlorid form cuprous chlorid, arsenic and mono-chlor-acetoacetic 
ester. Unsuccessful attempts were made to replace hydrogen by copper 
in methyl-acetoacetic ester. 


diacetofumaric ester Cupracetoacetic ester boiled in 


GABRIEL, S. AND J. HAUSMANN, 1889. 
Ber. 22, 2017-2019; J. Chem. Soc. 56, 1172. 
Action of Orthocyanobenzylchlorid on Sodacetoacetic Ester. 


In this reaction two products are formed, a small amount of di-ortho- 
eyanobenzylacetoacetic ester, CH, COC (CNC, H, CH.),CO; C,H. 
and a much larger amount of orthocyanobenzylacetic ester, or ortho- 
cyanohydro-cinnamic ester, (CNC. H, CH,) CH,CO,C,H,;. The latter 
is a colorless, crystalline substance melting at 98°—g9° which is decom- 
posed when warmed with hydrochloric acid into a-hydrindone, carbon 


dioxid, alcohol and ammonia. o-Hydrindone. C,H, ae pC Hs. 


crystallizes and melts at 4o° and boils at 243°-245? Diortho-cyano- 
benzylacetoacetic ester is a colorless crystalline substance which melts 
at 120° 
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TIEMANN, F., 1889. 
Ber. 22, 2412-2417; J. Chem. Soc. 58, 44. 
Action of Acetaldehyde and Acetoacetic Ester on Benzenyl- 


amidoxim. 


Acetoacetic ester and benzenyl-amidoxim, C. H, C \ Ce On 


react to form benzenylaceto-ethenylazoxim, 


LN 
GHC © me CCH COCH: : 


Alkalis decompose it, forming benzenyl-ethenyl-azoxim, 


ZAN—O.N 
Coie, Orginal) CCH sy 
and acetic acid. may ony 


CH eo Fis 


Cin es 


CCH, C: (NOH) CH,, 


and the hydrazone, 


CnC, eemeen, €:(N; HC, H.) CH, 


were also described. 


BUCHKA, K. AND C. SPRAGUE, 1889. 
Ber. 22, 2541-2556; J. Chem. Soc. 58, 28: 

Thioacetoacetic Ester. 

This substance, C,,H,;30¢S, melts at 76° and forms a sodium 

derivative C,. Hig Na2O6S. Schonbrodt has proven that the sulfur is 

joined to the a-carbon atom and not to oxygen. Phenylhydrazin 

reacts with it to form phenylmethyl-pyrazoloneketo-phenylhydrazone 
or phenylmethyl-pyrazolonazobenzene, 


NHNCG, H 
I 
c= Cor 
\ 
NC; H 
f. 
CH,C = N 


and a yellow substance which appears to be C,,.HsN,SO. The 
compound which Schonbrodt describes as phenylmethyl-nitrosopyra- 
zolone is identical with phenylmethyl-pyrazolonazobenzene. Thio- 
acetoacetic ester unites with paratolylhydrazin and a-naphthylhydrazin 
yielding a series of complicated compounds in each case. 
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MICHAELIS, A. AND OSCAR BURCHARD, 1889. 
Ann. Chem, 254, 115-128. 
Syntheses by Means of Sodium-phenylhydrazin. Ethylenphenyl- 
hydrazin. 


In the last paragraph of this article mention is made that ethylen- 
phenylhydrazin easily condenses with acetoacetic ester to form a 
beautiful crystalline substance which melts at 54° It is being 
investigated by the authors. 


RAYMAN, B. AND O. POHL, 1889. 
Ber. 22, 3247-3249; J. Chem. Soc. 58, 355. 
Rhamnodiazin. 


Rhamnodiazin, C,s H,,Og N., is further studied but no very definite 
results are obtained. Its constitution is probably CH, (CHOH),CH 


ac < ay CO; CAH. When rhamnose, acetoacetic ester and an 


amin are mixed they form rhamnosamin. 


KIPPING, F. STANLEY AND W. H. PERKIN, Jr., 1890. 
J. Chem. Soc. 57, 29-38; Ber. 23, 249 (C). 
a-w=Diacetyl-a-w-diethylpentane. 


This substance whose properties and reactions are described is 
obtained by treating sodacetoacetic ester with tri-methylene bromid. 
These substances combine to form a-w-diacetyl-a-w-diethyl-pimelic 
ester which is 


CH, CH, 
CO CO 

O(G5H = (CH). 6, (CoE) 
CO, C, H. CO, C, H, 


and when this is boiled with alcoholic potash there is formed @- w-diacety]- 
g-w-diethyl-pentane, CH, COCH (C. H;) (CH,),CH (C, H,) COCH;, 
as well as some w-acetyl-a-w-diethyl-caproic acid. 
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PERKIN, Jr., W. H., 1890. 
J. Chem. Soc. 57, 204-241. 


a—a'-Diacetyladipic Ester. 


Sodacetoacetic ester and ethylene bromid react to form two products, 


(1) acetyl-trimethylene-carboxylic ester, aes Colle ee and (2) 
CO; R. CH; 
pa discecladinic nese on 50> CHCH, CH, CH a aae The 


latter compound is a thick colorless oil, rather difficultly separable 
from impurities, which decomposes some when distilled yielding a 
mixture of several compounds. It will give a diphenylhydrazin 
derivative, 
CO,R 
CH, C (NSEC: 


CO, R 


> CHGRE CHE ICH << C(N, HC; H,)CH,, 


which melts at 145° and when heated higher gives bis-phenyl-methyl 
methylene-pyrazolone, 


CoH. N NC, He 
VAN Yaw 
N, GO OC N 


te 4 | I 
CH, C—CHCHE CE CH—CCH, 


Many other reactions and derivatives of a—a’-diacetyladipic ester were 
given. 


FEIST, FRANZ, 1890. 
Ann. Chem.'257, 253-207 ; Ber. 23, 463 (C): 
Dehydracetic Acid. 


In this long article account is given of a study of dehydracetic acid 
made in order to determine its constitutional formula and its relation to 
its isomers. A large number of reactions are described and a great 
many of its derivatives are produced and their constitution determined. 
A figure is given representing the most important reactions and a table 
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of comparisons of the three isomeric bodies CsHgO,. They are 
assigned the following formule. For dehydracetic :— 
cH, C_—O — C—e 
CH—CO—CHCOCH, 
or the tautomeric forms of :— 
CH,—C—O — C=O CH,—C —O—C:0 
CHC (OH), CCOCH, or :— CHCO—CC (OH) CH... 
For a—a-dimethyl-pyron-carboxylic acid :— 
CEE C— O— CCH, 
CHCO—C—CO.H 
and for isodehydracetic acid :— 
Cre c-—-0——C: © 
CHC (CH,) : CCO, H. 


PETERS, THEODOR, 1890. 


Ann. Chem. 257, 339-353 ; J. Chem. Soc. 58, 1097 ; Ber. 23, 468 (C). 
Action of Alkyl Substituted Acetoacetic Esters with Ammonia. 


By the action of ammonia on these esters two products are formed 
(1) a-alkyl-8-amido-crotonic acid, CH,C(NH,):CRCO,R, and (2) 
amids of alkylacetoacetic acid, CH, COCHRCONH,, but the former 
only is produced when anhydrous ammonia is employed. Ethy]l- 
acetoacetic methyl ester yields ethyl-amido-crotonic methyl ester, 
CH, C( NH.) :C (C, H,) CO. CH;, which melts at 35°-36°, and ethyl- 
acetoacetamid, CH, COCH (C, H;) CONH,, melting at 962 Methyl- 
acetoacetic ester yields methyl-acetoacetamid, CH,COCH(CH,)CONH,, 
melting at 73° a-Methyl--amido-crotonic ester melts at 53° Isobutyl 
acetoacetamid melts at 88°, a-isobutyl-$-amido-crotonic ester melts 
at 41°-42°, isoamyl-acetoacetamid, CH, COCH (C; H,,) CONH,, melts 
at 129° and a-isoamyl-$-amido-crotonic ester, CH, C (NH.) : C (C; H;:) 
CO, C,H,, melts at 50° Diethyl-acetoacetic ester is not attacked by 
either anhydrous or aqueous ammonia. 
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PETERS, THEODOR, 1890. 
Ann. Chem. 257, 353-358; J. Chem. Soc. 58, 1096; Ber. 23, 468 (C). 
Action of Alcohols on Acetoacetic Ester. 


When a little sodium is dissolved in the alcohol, methyl, isopropyl 
and isoamyl alcohols will convert acetoacetic ester into the methyl, 
isopropyl and isoamyl esters respectively, slowly at ordinary tempera- 
tures but quickly if heated. Even in the absence of sodium, isopropyl 
and isoamyl] alcohols will thus convert acetoacetic ester if the mixtures 
be boiled together, while methyl alcohol has no action in the absence 
of sodium. Ethyl-acetoacetic ester reacts similarly with these alcohols. 
Acetoacetic isobutyl ‘ester; ‘Cl, COCH: CO, C, H,, boils aty 198-2029 
and its ethyl derivative, CH,COCH(C,H,)CO.C,Ho, boils at 211°-215 
Aceéetoacetic isoamyl ester, CH, COCH, CO, C. Mi, , boilsiat 217 —2m98 
and, its ethyl derivative, (CM COCH (C; oH.) CO; G.ki... bells 
226°—230° 


MICHAELIS, A. AND B. PHILIPS, 1890. 


Ber. 23, 559-561 ; J. Chem. Soc. 58, 582. 
Thio=acetoacetic Ester. 


This substance was prepared by treating acetoacetic ester with 
thionyl chlorid, SOCI,; it melts at 100°-1o1? When treated with an 
excess of phenylhydrazin it gives phenylmethylpyrazolonazobenzene 
which melts at 156°, but when twice the molecular proportion of 
phenylhydrazin is added in cold, acetic acid a compound of the com- 
position C,, H,.N,O,S is produced. This is probably thioacetoacetic 
phenylhydrazid which is 

CH, COCHCON, H, Ce. H; 
25 ; 
CH COCHCON? £ Ce HE; 
it decomposes at 185° When this is heated with an excess of phenyl- 
hydrazin it forms phenylmethyi pyrazolonazobenzene, 
N — CG H; 
ZN 
Nee 20 


a 
CH,C—C = NNHCG; H,. 
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BUCKA, K. AND CH. SPRAGUE, 1890. 
Bet. 25), 647-855; J. Chem. Soc 58; 700, 


Action of Phenylhydrazin on Thioacetoacetic Ester. 


When these substances react in cold, glacial acetic acid in the pro- 
portion of one molecule of thioacetoacetic ester to two molecules of 
phenylhydrazin they form thiophenylmethylpyrazolone, 


(‘Calal C, Ae 
C.. His N, SO, = | | 
N N 
oN as 
N. €O O€ N 


| 
ee Ss — eee 
and not C,, H,,N,SO,.as Michaelis and Philips state in their article 
(*which see). It decomposes at 183° without melting, is soluble in 
alkalis and forms stable salts with strong acids. When heated with 
an excess of phenylhydrazin it goes over into phenylmethylpyrazolone- 
ketophenylhydrazone which is the same as Michaelis’ phenyl-methyl- 
pyrazolonazobenzene, 
‘ie 


N 
Pm 
Nico 


eee] 
CH,C —C=N—N—H—GH, 


CLOEZ, C., 1890. 
Compt. rend. 110, 583-586; J. Chem. Soc. 58, 739; Ber. 23, 284 (C). 
Hydroxytetric Acid. 


By treating methyl-acetoacetic ester with bromin dibrom-methyl- 
acetoacetic ester, Cs H, Br,(CH;)0O;, is formed, and when this is 
treated with alcoholic potash, hydroxytetric acid, C; Hs O,, is obtained, 





* See page 116, 
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which melts at 201°-202° By the action of water on dibrom-methyl- 
acetoacetic ester in presence of barium chlorid hydroxytetric ester, 
C, H, (C,H;) O,, is obtained, it melts at 67°-68° and has an acid re- 
action. By treating an alcoholic solution of hydroxytetric acid with 
gaseous hydrochloric acid a body boiling at 224°-226° and having the 
composition of hydroxytetric diethyl ester is obtained. 


CLOEZ, C., 1890. 
Bull. Soc. chim. [3] 3, 602-605 ; Ber. 23, 435 (C). 
Identity of Hydroxytetric and Mesaconic Acids. 


The author proves the identity of these acids by their melting points, 
solubility in water, volatilization, brown color given with ferric chlorid 
and the same reactions towards bromin and acetyl chlorid. 


HALLER, A. AND A. HELD, 1890. 
Compt. rend. 111, 647-650 ; J. Chem. Soc. 60, 171. 
y-Cyanacetoacetic Esters and their Chlor-imido Derivatives. 


y-Cyanacetoacetic ester boils at 135° to 138°, at 4o to 45 m.m. pres- 


sure, with some decomposition. Treated with hydrochloric acid in ~ 


alcoholic solution the hydrochlorid of the imido ester of acetone-dicar- 
boxylic ester, CH, (CO,C.H;) COCH.C (OC.H;) (NH), HCI, is formed 
which is very unstable being decomposed by water. 7-Cyanacetoacetic 
methyl ester boils at 217° to 218° and when treated with hydrochloric 
acid in methyl alcohol it yields the hydrochlorid of the imido ester of 
acetondicarboxylic methyl ester + one molecule of HCl which is either 
CH,(CO,CH, )CH(OH)CHCIC(OCH,)(NH),HCl or’ CHICI(COZCERS 
CH(OH)CH{C(OCH,) (NE), MeL: 


ACEO ACETIC: ESTER 119 
NEF, J. U., 1890. 


Ann. Chem. 258, 261-318, Am. Chem. J. 12, 379-425; J. Chem. 
Soc. 58, 983. 


Tautomeric Compounds. 


In this article acetoacetic ester is considered and the author decides 
that it is a tautomeric compound ; that the sodium derivative has the 
sodium combined to oxygen, thus: CH,CONa:CHCO,C.H,, but 
that the ester itself and its alkyl derivatives have the ketonic oxygen, 
thus: CH,;COCHRCO,R. By treating sodacetoacetic ester with 
benzoyl chlorid two compounds were produced, the principal one was 
monobenzoyl-acetoacetic ester and the minor one was dibenzoyl-aceto- 
acetic ester, CH, COC (COC; H;).CO.C;,H;, which has never been 
prepared before. Itis very unstable and cannot be distilled even in 
vacuum. 


BEHREND, R. AND PAUL ERNERT, 1890. 
Ann. Chem. 258, 360-362; J. Chem. Soc. 58, 1240; Ber. 23, 643(C). 


Condensation of Carbamid with Acetoacetic Ester, 


Carbamid condenses with sodacetoacetic ester to form a compound 
C,, H.. N.O, Na, which is probably represented by the formula 


CH, CH, 
CONa—HN—CO— NH—CONa 
CH, CH, 

CO, C,H, CO, C, Hg. 


It melts at 165° and is decomposed by water. It is also decomposed, 
by passing carbon dioxid into its alcohol solution, into carbamid, 
acetoacetic ester and sodium ethyl carbonate, NaC, H, CO. 
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HANTZSCH, A., 1890. 
Ber 23, 2339-2342; J. Chem. Soc. 58, 1238. 
Halogen Derivatives of Acetoacetic Ester. 
The action of thiocarbamid and thioacetamid on the halogen 


derivatives of acetoacetic ester are used to distinguish between the @ 
and 7 positions for the halogen thus: 


CH,Br HS CH—S 
| | I | 
CO + C—(NH, or CH,)= C CN Eyor CHa 
| Y ers 
CO,RCH, HN CO, R—CH, N 


which is amido- or methyl- thiazylacetic ester and 


CO, R—CHBr HS CO, RC—=S 
| | ld 
CH. COM = C—(NH, or CH,)= CH,C C—(NH;, or CHa): 
OG SZ 
HN N 


Bromin acting on acetoacetic ester gives the 7 product but when 
cupracetoacetic ester is treated with bromin the @ product is obtained. 
Chlorin acting on acetoacetic ester gives the a product. Methyl-ethyl- 
thiazole, 

CH—S 

eins 

Ee ae | 

Cyr N 


was produced from methyl-brom-acetoacetic ester showing it to be the 
7 product and trimethyl-thiazole, 


CH —¢=—s 
Nese 
CH,C CCH,, 
ees 
N 


was produced from methyl-chlor-acetoacetic ester showing it to be the 
a derivative. 
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DITTRICH, E., 1890. 
Ber. 23, 2720-2725; J. Chem. Soc. 58, 1418. 
Action of Picric Chlorid on Sodacetoacetic Ester. 


By the action of picric chlorid, Cs H, (NO,), Cl, on sodacetoacetic 
ester the mono- or di- trinitrophenyl-acetoacetic ester is formed, 
according to the proportion of picric chlorid used. Trinitrophenyl- 
acetoacetic ester, CH, COCH [C, H, (NO.),]CO.C, H;, melts at 98°, 
dissolves in alkalis from which solution weak acids precipitate it. 
Di- (trinitrophenyl) acetoacetic ester, CH,COC[C.H.(NO.);],CO.C.H,, 
melts at 205° with decomposition ; alcoholic potash dissolves it and 
acids precipitate not the same but trinitrophenyl-acetoacetic ester. 
When trinitrophenyl-acetoacetic ester is boiled with sulfuric acid trini- 
trophenyl acetone, CH, COCH, [Cs H. (NO.); ], is formed which melts 
at 89° This condenses with phenylhydrazin to C,;H,;N;0O6, which 
melts with decomposition at 125° 


ANSCHUTZ, R., P. BENDIX AND W. KERP, 1890. 
Ann. Chem. 259, 148-186; J. Chem. Soc. 60, 172 ; Ber 23, 734 (C). 
Mesitene Lactone and Isodehydracetic Acid, 


Much of the work done by Hantzsch on the condensation products 
of acetoacetic ester has been repeated by the authors. They corroborate 
his formulze for mesitene lactone and isodehydracetic acid, (Cs Hg O,), 
but find that the first condensation product is a mixture of isodehydra- 
cetic acid and its ethyl ester. Isodehydracetic methyl ester melts at 
67° and boils at 167° under 14 m.m. pressure, it can be obtained by 
treating the potassium salt with methyl iodid or by condensing aceto- 
acetic methyl ester. Unsuccessful attempts were made to prepare 
Hantzsch’s homomesaconic acid; by treating isodehydracetic ester with 
potash two acids were obtained ; (1) Cyo H:2O, which melts with decom- 
position at 221°, isalmost insoluble in ether, benzene, chloroform and cold 
water and but moderately soluble in boiling water. Its potassium, 
barium and copper salts and methyl ester were described. The second 
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acid Cs H,,O;, melts at 149°, is soluble in alcohol, ether and chloroform 
and decomposes at 160°; its barium and silver salts were described. 
Isodehydracetic ester is converted by warm anhydrous ammonia into 
the corresponding lactam, identical with the Substance obtained by 
Collie by the condensation of :8-amido-crotonic ester. The change is 
represented thus : 


| | 
Cc Cc 
ao Ls 
CO;C, B.C. Cr COC, Bac CH 
| 
CHC 1 7eo CH CO 
v7 wie7 
O N 
H 
Isodehydracetic ester Caroxethylmesitenlactam. 
Mesitene lactone 
CHE 
| 
c 
YOON 
HC "CH 
ere 
CEL Ceneco 
NOE) 
O 


is changed by ammonia into mesitene lactam 
CH, 
| 
Cc 
Lax 
Hy ACH 


bremlere| 
CHA Car ce 
Niu 
N 
Jeb 


An alcoholic ethereal solution of isodehydracetic ester treated in the 
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cold with ammonia forms a compound C,, Hig Nz O,, if moisture be 
excluded. It is represented thus :— 


CH, 


| 
C 
AN 
CO,RC CH 
CHG Con 2 
ee) ONE 


Isodehydracetic ester can be prepared from sodacetoacetic ester and 
§-chlorcrotonic ester which proves its constitution thus :— 

















CO7C, i. oe COC, Ca: 
| | | 
CH, CO—C || Na Cl | @:CH CHC —C:CH. 
eee | | | 
C,H, 0] CO O C:0 


AUTENRIETH, W., 1890. 
Ann. Chem 259, 365-373 ; J. Chem. Soc. 60, 204. 


Sulfur Derivatives of Acetoacetic, Methylacetoacetic and 
Ethylacetoacetic Esters. 


By treating /-dithiophenylbutyric ester, CH,C(SCsH, ),»CH.CO.C.H;, 
with sulfuric acid and potassium permanganate, §-diphenylsulfone- 
Mutytic ester, CH, C (SO, C; H;), CH. CO, C, H; , is obtained, it melts 
at 97°, is soluble in hot alcohol, ether and benzene and insoluble in 
water. a-Ethyl-$-diethylsulfonebutyric ester, CH, C (SO, C, H;). CH 
(C,H;) CO,C,H,, formed in a similar manner from the condensation 
product of ethyl mercaptan and ethyl-acetoacetic ester, melts at 
87°-88° a-Methyl-§-diethylsulfonebutyric ester melts at 79? a-Ethyl- 
&-dithiophenylbutyric ester, CH, C (SCs H;)2CH (C2 H;) CO. C, H;, 
is made by condensing ethyl-acetoacetic ester and phenyl mercaptan, 
and melts at 70°-71° From this by the above method was prepared 
a-ethy1-3-diphenylsulfonebutyric ester, CH;C(SO,Cs6H;),CH(C.H;) 
CO.C.,H;, which melts at 111° 
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ELION, H., 1890. 
Ber. 23, 3123-3124 ; J. Chem. Soc. 60, 171. 


Preparation and Properties of Sodacetoacetic and 
Sod-ethylacetoactic Esters. 


Both these substances when anhydrous are soluble in ether but both 
form hydrous compounds insoluble in ether. The anhydrous com- 
pounds cannot be obtained by keeping the hydrous compounds over 
sulfuric acid as has been stated and the author thinks that there is but 
one form of anhydrous sodacetoacetic ester and not two, one of which 
is insoluble in ether as stated by Michael. 


PINNER, A., 1890. 
Ber. 23, 3820-3826 ; J. Chem. Soc. 60, 468. 
Imido Esters and their Derivatives. 


Acetoacetic ester is treated with imidobenzoic ester and the chief 
product is found to be phenylmethyl-hydroxypyrimidin, 
NG CCH) 
ZB IS 
IN| PC COH) 7 
melting at 2162 The imidobenzoic ester is probably first converted 
into benzoic ester and ammonia thus: Cs H, C (NH) OC,H;+H,0= 
Cs H; CO,C,H,+NH,; the ammonia acts on some imido-benzoic 
ester forming alcohol and benzamidin which last product unites with 
the acetoacetic ester. 


JAPP, FRANCIS R. AND FELIX KLINGEMANN, 1801. 
J. Chem. Soc. 59, 1-26. 
Phenanthroxylene-acetoacetic Ester. 


This compound, prepared from acetoacetic ester and phenanthra- 


quinone and given the formula, 


COUR: 
C2 Hi - CG 
Olned i COCH, 


| 
CH co 


—_ >; = 
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has been further studied. When treated with formic or sulfuric acid 
an isomer is formed, to which the formula, 


Oar Ge C= cn dae 


| 
67H C (OH)—.CH. 


is provisionally given, and which is called isophenanthroxylene-aceto- 
acetic ester; it melts at 177° It forms a mono-acetyl derivative, C2, 
H,, (C, H,0O) O,, which melts between 165° and 170°, and a mono- 
hydrazone, C,, Hig O; (N2 HCs H;). No pyrazolone could be obtained 
from this, and phenanthroxylene-acetoacetic ester does not react with 
phenylhydrazin. With bromin the iso compound gave C,,. H;; Br O,. 
When reduced the iso compound gave C,, H,5O,;, which is also pro- 
duced from the phenanthroxylene-acetoacetic ester by means of 
hydriodic acid. This gave a phenylhydrazin derivative, C,. Hy. O, 
(N,HC. H,;). When treated with hydriodic acid the iso compound 
gave C,, H,,O, which is the compound to which Japp and Streatfield * 
gave the formula C,,H,;,O. It is probably a ketone containing the 
carbonyl group in a penta-carbon ring. ‘Treated with an alkali the iso 
compound gave the iso-phenanthroxylene-acetoacetic acid, C,s H,, 
O,, which is mono-basic. The action of acetic, propionic, sulfuric, 
alcoholic hydrochloric acids and of alcoholic potash and ammonia on 
phenanthroxylene-acetoacetic ester was determined and an account 
given of the experiments. The subject requires more study before the 
composition of these bodies can be definitely settled. The formula 
proposed for the iso compound explains some reactions but leaves 
others quite unexplained. 





* See ‘page 39. 


CLAISEN, L. AND E. HORI, 18091. 
Ber. 24, 139-140; J. Chem. Soc. 60, 416. 
Action of Hydroxylamin on Acetoacetic Aldehyde. 


By this action a compound Cs H;,;N,0;, was produced which 
crystallizes in white needles, melting at 174° It is sparingly soluble in 
ether, benzene and chloroform. Other compounds which were expected 
from this reaction were not obtained. 
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EMERY, W. O., 1891. 
Ber. 24, 282-286 ; J. Chem. Soc. 60, 547. 


Action of §-Bromopropionic Ester on Acetoacetic Ester. 


By the action of -bromopropionic ester on sodacetoacetic ester, 


CH 
CO 

a-acetylglutaric ester, CH—CH,—CH, CO, C, H;, was produced. It 
CO; C7 H: 


boils at 162° at 11 m. m. pressure and has a specific gravity of 1.071 at 
20, It reacts with ammonia and with amins, yielding amido-derivatives 
of a-ethylidineglutaric ester, which can be converted into lactams. 


HANTZSCH, A., 1801. 
Ber. 24, 495-506; J. Chem. Soc. 60, 739. 


Action of Hydroxylamin on {-Ketonic Acids and §-Diketones. 


By the action of hydroxylamin on acetoacetic ester in alkaline solu- 
tion and subsequent acidification the chief product is methyl-isoxazol- 


ZI = 0) 
one, CH,C™: | _, which melts at 169°-170° and is a base towards 
Che c® 


strongacids. In alkaline solutions it is partially changed into oximido- 
butyric acid, CH, C: (NOH) CH,CO,H. By the action of hydroxyl- 
amin on acetoacetic ester in neutral or acid solution, an oil is obtained 
which, on being hydrolyzed, gives a crystalline substance, Cro Hig Ny 
O,, which melts at 140° and can by hydrolysis be changed into methyl- 
isoxazolone. By the action of hydroxylamin on acetoacetic ester in 
ammoniacal solution an unstable product was obtained which may be 


PEONEE 


the hydroxamic acid of acetoacetic acid, CH, COCH, C\ NOH: 


a 


ee 
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COLLIE, J. NORMAN, 1801. 


J. Chem. Soc. 59, 172-179. 
Action of Heat on f-Amidocrotonic Ester. 


When this substance is distilled a small amount of substance is 
always left which has been found to be C,, H;; NO;, the ethyl ester of 
an acid, Cs Hy, NO;, which is dimethyl-pyridone-monocarboxylic acid, 


NH 
ON 
GHee) CCH, 


[a etl 
CO) Me> “CH 
A e/ 
Cc 


O 


The ester, C;, H,;,; NO;, melts at 163°-164° and boils with slight decom- 
position at 240° to 250? It does not form a compound with phenyl- 
hydrazin or hydroxylamin. With bromin it forms C,, H,.Br NO, ; 
with PCI, it gives C,;, H,, NO, Cl, which can be changed into chloro- 
lutidin boiling at 177° to 180? The acid Cs H, NO;, melts at 257°-258° 
and is converted into a-a’'-dimethyl-pyridone, 


NH 


Vf US 
GHC > CCH, 


Ri ol 
He.) Co 
\ 


\ 


CO 


This was also prepared from dehydracetic acid. Phosphorus penta- 
chlorid acts on a-a’-dimethyl-pyridone to’ form chlorolutidin boiling at 
178°-179° a-a’-Dimethyl-pyridin or lutidin was obtained in four ways, 
(1) by the action of nascent hydrogen on chloroludidin ; only a little 
could be formed in this way ; (2) from vapors of chlorolutidin and zinc 
dust in an atmosphere of hydrogen ; (3) from chlorolutidin made from 
dehydracetic acid; (4) from the potassium salt of lutidone-mono- 
carboxylic acid heated with an excess of solid potassium hydroxid. 
By oxidation of the lutidin, dipicolinic acid, C;H, N(CO,H),., was 
obtained. 
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COLLIE, J. NORMAN, 1891. 


J. Chem. Soc. 59, 179-189. 
Constitution of Dehydracetic Acid. 


The author, having studied this acid and its reactions, determines 
that Feist* did not present the correct formula for it and proposes the 
formula 

CH, COCH, C—O—C=0 
CHCO : CH, 
or the tautomeric form 
CH, © (OR) eric —-O—___c_0 
CHC (OR): CH 

By this formula he thinks that all of its reactions, the most important 
ones of which he illustrates, can best be explained. He considers it as 

CH—O—CO 
built up on the nucleus of @-oxypyrone, | |. | Its formas 

CH—CO—CH, 
tion from acetic acid is illustrated thus :— 


CH, CO | OH H CH, CO) OH H| CH, CO| OH H CH, COOH 
and then CH COCH © -CHe@eE co 





of eon 


STEUDE, M., 1891. 
Ann. Chem. 261, 22-47 ; J. Chem. Soc. 60, 742 


Thiazole Derivatives from Bromacetoacetic Ester. 


The thiazole derivatives obtained from bromacetoacetic ester and — 
thio-carbamid and thiacetamid are isomeric with those obtained if 
chloracetoacetic ester be used, but those obtained both ways can be 
converted into #-amido-a-methyl-thiazole or o-y-dimethyl-thiazole as 
the case may be. This proves that bromacetoacetic ester has the 
formula CH, BrCOCH,CO,R. s-Amido-thiazylacetic ester, 


s =). Cis 
i BE CH. CONG, H: 
C(NH,):N 





* See page 114. 
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obtained from bromacetoacetic ester and thiocarbamid melts at 94 , the 
free acid melts at 130° ‘Thiacetamidoacetic ester, CH,(SC NH CH;) 
COCH, CO, C, H,, is formed besides -methyl-thiazylacetic ester from 
bromacetoacetic ester and thiacetamid in alcoholic solution. Methyl- 
thiazylacetic ester, 
. S— CH 
C(CH,):N 
boils at 238° to 240’ 7-Thiacetoacetoacetic ester, CH, (SCOCH;) CO 
CH, CO.,R, results when thiacetamidacetoacetic ester hydrobromid is 
warmed with water. It boils at 155° at 15 m.m. pressure. A com- 


pound, probably of the formula CO, RCH, CZ CH iy CCH, COR, 
was also described. 


= CCH, CORR 


PECHMANN, H. v. AND M. DUNSCHMANN, 1801. 
Ann. Chem. 261, 162-166; J. Chem. Soc. 60, 672. 
Decomposition of Acetone-dicarboxylic Ester. 
When acetone-dicarboxylic ester, CO, C, H; CH, COCH, CO, C,H, , 
is changed to the potassium salt and then boiled with water, acetoacetic 


ester is produced which is identified by being treated with phenylhy- 
drazin and changed into methyl-phenylpyrazolone. 


JAEGER, J., 1891. 
Ann. Chem. 262, 365-372 ; J. Chem. Soc. 60, 1007. 
Condensation of Guanidin with /-Ketonic Esters. 


Guanidin carbonate and acetoacetic ester condense to form imido- 
—~CO NH 

methyl-uracyl, CH \C(CH,) NH 

position at 270? The hydrochlorid, nitrate and sulfate were described. 


Mibromohydroxyimidomethyl-uracyl, NH Soca CCH, OH, 


> C: NH, which melts with decom- 


is formed together with bromimidomethyluracyl, C;H.« Br N,O, when 
imidomethyl-uracyl is heated with bromin; it melts at 160? When 
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imidomethyluracyl is heated with an excess of methyl iodid a com- 
pound, (C, Hs N,0 CH;), HI, is obtained, which melts at 212° and can 
be converted into methyl-imidomethyl-uracyl, C; He N,OCH;, which 
melts at 312° Imidodimethyluracyl formed from guanidin carbonate 
and methyl-acetoacetic ester melts at 320°, and imido-phenyl-uracyl 
formed from guanidin carbonate and benzoylacetic ester melts at 294° 


BREDT, J., 1801. 
Ber. 24, 603-605; J. Chem. Soc. 60, 712. 
Action of Sodacetoacetic Ester on Benzalmalonic Ester. 


By this reaction in alcoholic solution at o a crystalline sodium 
compound is formed which when decomposed by an acid gives a 
compound C,gs H,,O¢, which is sparingly soluble in water and melts 
with decomposition at 155° 


OTTO, R. AND A. ROSSING, 1891. 
Ber. 24, 685-687 ; J. Chem. Soc. 60, 712. 
Action of Sodium Phenylmercaptid on Chloracetoacetic Ester. 


When equivalent quantities of these substances are made to react in 
alcoholic solutions, an oil is obtained, which will not crystallize and 


has but a feeble odor. It appears to be thiophenylacetoacetic ester, 


BIGINELLI, P., 1891. 
Ber. 24, 1317-1319; J. Chem. Soc. 60, 908. 
Aldehydeuramids of Acetoacetic Ester. Part 1. 
Molecular proportions of acetoacetic ester, benzaldehyde and carb- 


amid are allowed to react and a crystalline compound melting at 207% 
208 is obtained. It is either 


CH, CH, 

C:N-CO—N : CHC; Hs or C—NH - CO -N: CHC. H, 
I 

CH, CH 


COnC iH. 0; C,H, 
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but probably is the latter. The same substance can be formed from 
uramidocrotonic ester and benzaldehyde. It is very stable as it is not 
affected by strong acids or alkalis in the cold. Heating it with 
potassium hydroxid gives benzyl alcohol, benzaldehyde, ammonia and 
potassium carbonate, besides an unknown solid substance. Salicylal- 
dehyde, cinnamaldehyde, furfuraldehyde, cumaldehyde and others 
react similarly. 


BEYER, C., 1891. 
Ber 24, 1662-1670; J. Chem. Soc. 60, rogo. 
Hantzsch’s Pyridin Synthesis, 


The author believes that in these reactions acetoacetic ester and 
aldehyde first react to form ethylidin-acetoacetic ester, 


| 
CH, 
u 
EO. RC 
| 
CH, CO 


and that this then unites with acetoacetic ester to form ethylidin- 
diacetoacetic ester, ; 


CH, 
| 

CH 

BN 
COZRE “CHCO; R 
BIE 
CH] COOCCH, 
which unites with ammonia to form dihydrocollidin-dicarboxylic ester, 

| 

CH 


wen 
SOD Rve C-CO, R- 
Hcl 
Ci ©. C—CEH, 


mt A 
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Ethylidinacetoacetic ester and paramido-acetoacetic ester were mixed 
in molecular proportions and united to form dihydrocollidin-dicarboxy- 
lic ester. Several other experiments were performed and several 
pyridin derivatives made and described. They all agreed with these 
reactions. 


FREER, P. C., 1891. 
Am. Chem. J. 13, 308-322; J. Chem. Soc. 60, 1181. 


Constitution of Aliphatic Ketones and the Action of Sodium on 
Acetone. 


The constitution of acetoacetic ester is discussed: at length and 
mention is made of the work done by different chemists upon it. 
Acetic ester dried over calcium chlorid and by being boiled over 
phosphorus pentoxid is found to react with sodium readily which 
inclines the author to believe in the intermediate sodacetic ester. A 
comparison of the properties and reactions of tetric acid and acetoacetic 
ester seems to show that the former contains a hydroxyl group and the 
latter doesnot. Inthe sodium derivative the author believes the sodium 
is joined to the oxygen, therefore that its constitution is different from 
that of acetoacetic ester itself. "This is shown by the fact that sodaceto- 
acetic ester will form’addition products with unsaturated compounds 
like cinnamic ester while the acetoacetic ester itself will not. 


FREER, PAUL C. AND GEO. O..HIGLEY, 1801. 
Am, Chem. J. 13, 322-326; J. Chem. Soc. 60, 1182. 
Action of Chlorcarbonic Ester on Acetone Sodium. 


By this action a colorless oil boiling at about 125° was obtained which 
appears to be an isomer of acetoacetic ester. It is insoluble in water, 
miscible with alcohol and ether and does not react with phenyl hydrazin 
or ferric chlorid. On boiling with hydro chloric acid it is decomposed 
into carbon dioxid, alcohol and acetone. The authors suggest for it 


GEE eae 
the formula cH,/© O—CO) Cone: 
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WALDEN, P., 1891. 
Ber. 24, 2025-2039; J. Chem. Soc. 60, 1187. 
Tetric and Oxytetric Acids and their Homologues. 


Experiments were performed attempting to determine whether tetric 
acid and its homologues contain the carboxylic group but no definite 
conclusions were reached. Oxytetric acid and its homologues were 
shown to be alkyl substituted fumaric acids, thus oxytetric is mesaconic 
or methyl fumaric, oxypertic is ethyl fumaric, etc. The acids described 
by Demarcay as hydroxytetric, etc., are identical with alkyl succinic 
acids, hydroxytetric is methyl succinic and hydroxypentic is ethyl 
succinic, etc. The acids are all obtained from the bromated alkyl aceto- 
acetic esters. 


SPRAGUE, CHARLES T., 1891. 
J. Chem. Soc. 59, 329-343. 
Thiacetoacetic Ester. 


This substance was produced and after carefully determining the 
melting point it was found to be between 75° and 78° By the action of 
phenylhydrazin four bodies were produced :—(1) thiophenyl-methyl- 
pyrazolone; (2) Knorr’s phenylmethyl-pyrazolone-azobenzene ; (3) a 
substance, C;. H,* NSO; (4) Knorr’s bisphenyl-methyl-pyrazolone. 
The first one is 

NCe H, NC¢ H, 
yo pan 
NCO OC N 


le al | I 
Ge —cu—-s—nc— “cer 


it is a weak base, dissolves in alkalis and weak acids reprecipitate it. 
If it be heated with phenylhydrazin the other three above mentioned 
compounds are produced. To the third product the author gave the 
formula C,, Hs* N,SO, but states that Holtzcka has since proven it to 


be bisulphid of phenylmethyl pyrazolone (C:, Hy N.O).S.. A method 
was given for preparing a good yield of each one of the four products. 





*A disagreement, Cro Hs N2 SO is probably correct 
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COLLIE, J. NORMAN, 1891. 
J. Chem. So¢. 59, 617-621. 
Some Reactions of Dehydracetic Acid. 


In the preparation of dehydracetic acid by passing acetoacetic ester 
through a red-hot iron tube, there were formed, besides the dehydra- 
cetic acid, acetone, alcohol, carbon dioxid, ethylene and a residue. 
Acetoacetic methyl ester similarly treated gave large quantities of 
dehydracetic acid, but ethylacetoacetic ester gave none at all. De- 
hydracetic acid is slightly decomposed by water into carbon dioxid and 
dimethylpyrone. When boiled with hydrochloric acid it is totally 
decomposed into carbon dioxid and a compound, C, H;,; O,Cl, which 
melts at 83-85 and is acid in water solution. Barium and copper 
salts of dehydracetic acid were prepared, the former corresponded most 
nearly with (CsH,O,;),Ba and was considered to be the salt of 
tetracetic acid,.CH, CO CH, COCH, CO CH, CO; H; and the Tatras 
corresponded to C,, H,, O, N; Cu, being formed by ammonia and copper 
acetate. Hydrocyanic acid has no action on dehydracetic acid. 


BIGINELLI, P., 1891. 
Ber. 24, 2962-2967; J. Chem. Soc. 62, 56. 
Aldehydeuramids of Acetoacetic Ester. Part II. 


In the continuation of the subject it is found that two isomers, cor- 
responding to the two formule given in the first article on this subject,* 
are always produced. ‘The compounds 


CH. 
| 
Cry, Hie Nz O7.;—C: N. CO. N. CH C;.H, OH 

| 
CH, 
CO, ©, H; 

CH. 

and C—NH—CO—N—CH—C; H, OH 
CH 
CO, Core 


formed from carbamid, salicylaldehvde and acetoacetic ester, and the 
similar compounds, C,,H.,N,O;, formed from cumaldehyde, C,H, 


(C, H,).COH, carbamid and acetoacetic ester ; C,s Hig N,O,, obtained 7 
3 th, 3 


by using cinnamaldehyde, and C,,H,,N,0O,, obtained by using 
furfural dehyde, are produced and described. 





* See page 130. 
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CONRAD, M. AND L. LIMPACH, 1801. 
Ber. 24, 2990-2992, J. Chem. Soc. 62, 78. 


Synthesis of Quinolin Derivatives by means of Alkyl Acetoacetic 
Esters. 


Methyl-acetoacetic methyl ester and anilin, when mixed and allowed 
to stand, form phenyl-amido-methyl-crotonic methyl ester. By quickly 
heating this, it is changed into dimethyl-hydroxyquinolin, Cj NH, 
(CH,),OH, [(CH,),: OH = 2’: 3/:4’]. Methyl-ethyl-hydroxy-quin- 
olin is produced similarly from phenyl-amido-ethyl-crotonic methyl 
ester. 


NEF, J. U., 1891. 
Ann. Chem. 266, 52-138; J. Chem. Soc. 62, rgo. 


Acetoacetic Ester. 


A large number of experiments are performed relative to determining 
the constitution of acetoacetic ester and the position of the sodium in 
the sodium derivative, and the conclusions drawn are that acetoacetic 
ester is not a ketone but is represented by CH, COH: CHCO, C, Ei 
and that in the sodium derivative the sodium is joined to oxygen. If 
by heating the sodacetoacetic ester with an alkyl halogen the alkyl is 
substituted for the sodium, the reaction should be more energetic if the 
heavier metals, such as copper or lead, be in the acetoacetic ester in 
place of sodium, but solutions of the copper or lead derivatives of aceto- 
acetic ester do not react with ethyl iodid at ordinary temperatures— 
which proves that no direct substitution of the metal takes place. The 
author supposes an intermediate addition product to be formed with 
an alkyl iodid, for example, with benzylchlorid, CH, CONaCICH 
(CH, Cs H;) CO,R is first formed and then HCI splits off leaving 
CH,CONa : C (CH.CsH,) CO,R and by continued action CH,CONaCIC 
(CH, Cs; H;). CO, R and then CH, COC (CH, Ce. H,), CO, R are formed. 
As proof of the existence of hydroxyl in acetoacetic ester its acid 
propérties and its behavior towards phenyl hydrazin, ammonia and 
the amids are mentioned, also the fact that acetoacetic ester and 
its mono-alkyl derivatives are not reduced by treatment with sodium 
in ethereal solution while the diethyl derivative is converted into 
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diethyl-hydroxybutyric ester. The substitution of the ahydrogen 
atom affects the compound according to the character of the 
substituted group, making it more alcoholic or more acidic as that 
group is more or less positive than hydrogen. By the action of phenyl- 
hydrazin on acetoacetic ester phenyl-$-hydrazo-crotonic ester, CH, C 
(N. H, Ce Hs) : CHCO,R, melting at 50 is formed and by heating this 
with mercuric oxid phenyl-f-azocrotonic ester, CH,C (N., Co H;): 


CHCO,R, melting at 51° is obtained. The product obtained by the 


action of bromin on acetoacetic is a mixture of the a and the 7 brom- 
derivatives. o-Brom-methyl-acetoacetic ester, C, H,, Br O,, boiling at 
107° at 30 m.m. pressure, is obtained by treating sodmethyl-acetoacetic 
ester or methyl-acetoacetic ester with bromin. When this is heated 
in a sealed tube tetric acid is formed for which the author gives the 
formula 
CH, :C OCO 5 ; 
2s (OE) CCH3<ao9> CCH, C (OH) ssCHe 

o-Bromethylacetoacetic ester, Cs H;, Br O;, is prepared similarly and is 
described. Dibenzoyl-acetoacetic ester, C2. His O;, and triacetylacetic 
ester, CH, CO C (CH; CO), CO, R, and acetylcarbintricarboxylic ester, 
CH;COC (CO, R).CO.R, are also described. A large number of 
pyrazolone derivatives are prepared and studied, and the author decides 
that their acid properties are due to the presence of an imido group. 
The formula for phenylmethyl-pyrazolone he gives as 


C (CH,)—NH 
| NC H; 
Ch co-——= 


PECHMANN, H. v., 18q1. 
Ber. 24, 3600; J. Chem. Soc. 62, 296. 
Preparation of Dehydracetic Acid. 


By treating acetondicarboxylic acid with acetic anhydrid, a substance 
either isomeric or identical with the carboxylic acid of dehydracetic 
acid is produced. This may be easily changed into dehydracetic acid 
by dissolving in soda, evaporating to dryness and precipitating the 
aqueous solution with acetic acid. 
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y-Chlor-acetoacetic ester, 105. 
Chlor-acetone, 38, 57. 
Chlor-carbonic ester, 7, 96, 99, 102, 
132. 
Chlor-crotonic esters, 15. 
$-Chlor-crotonic esters, 123. 
Chlor-dehydracetic acid, Io. 
Chlor-dimethyl-quinolin, 97. 
Chlor-metal derivatives of acetoacetic 
ester, 25. 
Chlor-nitroso-acetic ester, 33. 
Chloro-lepidin, 82. 
Chloro-lutidin, 127. 
Chlor-tetracrylic acid, 6. 
Cinchomeronic acid, 70. 
- Cinnamaldehyde, 73, 106, 131, 134. 
Cinnamic ester, 87. 
Citraconic ester, 87. 
Collidin-dicarboxylic ester, 30. 
Collidin-dicarboxylic methyl ester, 
46. 
Combining energy of halogens with 
organic residues, 32. 
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Condensation of acetoacetic esters, 
29, 30, 34, 40, 42, 43, 46, 51, 66, 
69, 792; 735 78, 96, 100, 102, 107, 
TO} T21,,123) 129: 
Constitution of acetoacetic ester, 
47, 90, 96, 100, 132, 135. 
Coumiarins, 46, 88. 
p-Cresol, 47. 
Cumaldehyde, 131, 134. 
w-Cumyl-antipyrin, 67. 
Cyan-acetic ester, 95. 
Cyan-acetic methyl ester, 95. 
Cyan-acetoacetic acid, 105. 
Cyan-acetoacetic ester, 36, 56, 72, 87, 
89, 91, 95, 104, 105. 
y-Cyan-acetoacetic ester, 118. 
Cyan-acetoacetic methyl ester,95. 
y-Cyan-acetoacetic methyl ester, 118. 
Cyan-acetone, 38, 76. 
Cyan-amid, 88. 
B-Cyan-($-anilido-butyric ester, 69. 
Cyan-hydrin of acetoacetic ester, 69. 
Cyanic acid, 88. 
o-Cyanobenzyl-acetic ester, III. 
o-Cyano-hydro-cinnamic ester, III. 
p-Cyan-$-oxybutyric ester, 69. 


Decomposition of acetoacetic ester, 
2, 18, 29, 45. 

Decomposition of acetoacetic methyl 
ESECT 3: 

Decomposition of dehydracetic acid, 
8 


Dehydracet-anilid, Io. 
Dehydracetic acid, 2, 4, 8, 9, 60, 64, 
65, 88, 109, 114, 127, 134, 136. 
Dehydracetic ester, Io. 
Dehydracetic methyl ester, 64, 88. 
Dehydraceto-phenon-acetone, 63. 
Dehydraceto-phenylhydrazin, 60. 
Dehydracetoxim, 60. 
Dehydro-benzylidin-di-acetoacetic 
ester, 71. 
Dehydro-carbonyl-diacetoacetic es- 
ter, 86. 
Dehydro — diacetyl — acetone - dicar— 
boxylic ester, 75. 
Dextrose, 106. 
Diaceto-fumaric ester, III. 
Diaceto-succinic ester, 6, 23, III. 
Diacetyl, 98. 
Diacetyl-acetic ester, 43. 
Diacetyl-acetoacetic ester, 65. 
a-w-Diacetyl-adipic ester, 84, 114. 
a-w-Diacetyl-a-w-diethyl-pentane, 113. 
a-w-Diacety] -a- w- diethyl] - pimelic ester, 
113. 
a-w-Diacetyl-caproic ester, 107. 
Diacetyl-ethyl-acetyl-acetic ester, 56. 
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a-w-Diacetyl-pentane, 106, 


Di-allyl-acetic acid, 17. 
Di-allyl-acetic ester, 27. 
Di-allyl-acetoacetic ester, 17, 27. 
Di-allyl-acetone, 17. 
Diazo-compounds, 68. 
Di-benzoyl-acetoacetic 
136. 
Dibenzyl acetoacetic ester, 7, 12. 
Dibrom-acetoacetic dibromid, 11, 37, 
38. 
Dibrom-acetoacetic ester, 44, ITT. 
Dibrom-cyan-acetoacetic ester, 105. 
Dibrom-hydroxy-imido-methyl ura- 


ester, 110; 


cyl, 129. 
Dibrom- methyl-acetoacetic ester, 
17: 


Dibrom-succinic acid, 24. 
Dibutyl-acetoacetic ester, 6. 
Dicarboxylic ester of acetoacetic es- 
ter, 102. 
Dichlor-acetic ester, I1. 
Dichlor-acetoacetic amyl ester, I1. 
Dichlor-acetoacetic ester, 7, I1, 19, 
_ 25, 39, 87, 95, 97, 109, III. 
Dichlor-acetone, 7, II, 95. 
Di-o-cyano- benzyl-acetoacetic ester, 
Te 
Diethyl-acetic acid, 16. 
Diethyl-acetoacetic acid, 42. 
Diethyl-acetoacetic ester, 2, 6, 10, 16, 
42, 76, 92, 115, 136. 
Diethyl-acetone, 2, 43. 
Diethyl-amin, 66. 
Diethyl-chlor-acetoacetic ester, 76. 
Diethyl-dichlor-acetuacetic ester, 76. 
Diethyl-hydroxybutyric ester, 136. 
Diethy1-$-oxybutyric acid, 16. 
Diethyl-sylvane-carboxy-acetoacetic 
ester, 100. 
Diheptyl-acetic acid, 26. 
Diheptyl-acetoacetic ester, 26. 
Diheptyl-acetone, 26. 
Dihydro-collidin-dicarboxylic ester, 
34, 55, 131. 
Dihydro-collidin-dicarboxylic me- 
thyl ester, 46. 
Dihydro - collidin - mono - carboxylic 
methyl ester, 46. 
a-Diketones, 98. 
Dimethoxy-diethyl-acetoacetic ester, 
76. 
Dimethoxy-diethyl-acetone, 76. 
Dimethyl-acetoacetic acid, 37. 
Dimethyl-acetoacetie ester, 3, 47, 72, 
86 


Dimethyl-acetone, 3. 
a-3-Dimethyl-aceto-succinic ester, 22. 

Dimethyl-carbostyril, 97. 

Dimethyl-chlor-crotonic ester, 16. 
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Dimethyl-dicoumaric acid, 91. 
Dimethyl-dicoumarin, 91. 
Dimethyl-hydroxy-pyridin, 72. 
Dimethyl-hydroxy-quinolin, 135. 
Dimethyl-keto-pentane, 108. 
Dimethyl-oxyquinizin, 61. 
2’-3/-Dimethyl-oxyquinizin, 61. 
a-a/-Dimethyl-pyridin, 73, 127. 
a-a’-Dimethyl-pyridone, 127. 
Dimethyl-pyridone-mono-carboxy- 
lic acid, 127. 
Dimethyl-pyrone, 110, 134. 
a-a-Dimethyl-pyrone-carboxylic acid, 
LES; 
Dimethyl-pyrone-dicarboxylic es— 
ter, 86. 
Dimethyl-pyrrol, 83. 
Dimethyl-pyrrol-dicarboxylic acid, 
83. 
Dimethyl-pyrrol-dicarboxylic 
mono-ester, 83. 
Dimethyl-pyrrol —- monocarboxylic 
acid, 83. 
Dimethyl-quinolins, 97. 
Dimethyl-succinic acid, 22. 
a-u-Dimethyl-thiazole, 128. 
a-3-Dimethyl-umbelliferone, 47. 
Dinitro-brom-benzene, 50. 
o-p-Dinitro-phenyl-acetic acid, 50. 
Dinitro-phenyl-acetoacetic ester, 50 
Dinitro-toluol, 50. 
Dioctyl-acetic acid, 28. 
Dioctyl-acetoacetic ester, 28. 
Dioctyl-acetone, 28. 
Diphenyl-carbamid, 9, 82. 
Diphenylhydrazin derivatives of 
diacetyl, 98. 
Diphenylhydrazin derivatives of 
diacetyl adipic ester, 114. 
Diphenyl-methyl-pyrazolone, 86. 
3-Diphenyl-sulfone-butyric ester, 
123. 
Dipicolinic acid, 127. 
Dipropyl-acetic acid, 32. 
Dipropyl-acetoacetic ester, 31. 
Dipropyl-acetone, 32. 
j-Dithio-phenyl-butyric ester, 80, 
128 
Di (trinitrophenyl) acetoacetic es- 
Lon eae 


Kthenyl-toluylene-diamin, 25, 85. 
Ethoxy-acetic ester, 18. 
Kthoxy-acetyl-ethoxy-acetic ester, 
18. 
Ethoxy-ethyl-acetoacetic ester, 78. 
Ethoxy-ethyl-acetone, 79. 
Ethoxy-lepidin, 82. 
Ethoxy-lutidin, 79. 
Ethoxy-methyl-acetoacetic ester, 
78, 


Ethoxy-methyl-acetone, 79. 
Ethyl acetate of sodium, 5. 
Ethyl-acetic acid, 4. 
Ethyl-acetoacet-amid, 93, 115. 
Ethyl-acetoacetic acid, 98. 
Ethyl-acetoacetic amyl ester, Io, II. 
Ethyl-acetoacetic ester, I, 2, 3, 6, 7, 
43, 53, 56, 62, 78, 93, 98, 105, 116, 
123. 134. 

Ethyl-acetoacetic methyl ester, 3, 92, 
115. 

Ethyl-acetone, 3. 
a-Ethyl--aceto-propionic acid, 31. 
a-Ethyl]-aceto-succinic ester, 7, 22, 3. 
3-Ethyl-aceto-succinic ester, 7, 31, 38. 

Ethyl-amido-crotonic methyl ester, 

115. 

Ethylamin, 104. 

Ethyl-benzyl-acetoacetic ester, 20. 

Ethyl-butyral, 4. 

- Ethyl-chlor-acetoacetic amy] ester, IT. 
Ethyl-chlor-acetoacetic ester, 11, 78. 
Ethyl-chlor-crotonic acid, 78. 
Ethyl-chlor-crotonic ester, 16. 

a-Ethyl-crotonic acid, 7, 13. 
Ethyl-cyan-acetoacetic ester, 56, 105. 
Ethyl-diacetyl-acetic ester, 43, 56. 
Ethyl-dichlor-acetoacetic ester, 78. 

a-Ethy1-$-diethyl-sulfone-butyric ester, 





123. 
a-Ethy1-3-diphenyl-sulfone-butyric es— 
Ler, 123. 
a-Ethyl--dithiophenyl butyric ester, 
123. 


Ethylene bromid 47, 84, 89, 114. 
Ethylene-diamin, 80, 106. 
Ethylene-phenylhydrazin, 113. 
Ethyl-fumarie acid, 133. 
Ethylidin-acetoacetic ester, 131. 
Ethylidin-diacetoacetic ester, 131. 
Ethylidin-glutaric ester, 126. 
Ethyl-ketolactonic acid, 38. 
Ethyl-mercaptan, 123. 
Ethyl-methyl-acetic ester, 7. 
Ethyl-methyl-acetoacetic ester, 7, 28, 
49, 53- 
Ethyl-methyl-hydroxy-pyrimidin, 72. 
Ethyl-methyl-ketone, 28. 
Ethyl-methyl-oxyacetic acid, 28. 
a-Ethyl-$-oxybutyric acid, 7, 13. 
Ethyl-phenyl-carbamate, 78. 
Ethyl-sodacetoacetic ester hydrate, 
56. 
Ethyl-succinic acid, 22, 31, 133. 
Ethyl-succino-succinic acid, 45. 


Formamid, 55, 79. 
Formamidin, 72. 
Furfuraldehyde, 131, 134. 
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Glutaric acid, 20, Isobutyl-lutidin, 74. 

Glycolic acid, 45. Isodehydracetic acid, 51, 84, 115, 121. 

Glyoxal, 100. Isodehydracetic lactam, 122. 

Guanidin, 78, 88, 129. Isodehydracetic methyl ester, 121. 
Isohexic acid, 27. 

Heptic acid, 27. Isonitroso-acetoacetic anilid, 82. 

Heptyl-acetic acid, 26. Isonitroso bodies, 51. . 

Heptyl-acetoacetic ester, 26. p-Isonitroso-butyric ester, 51. 

Heptyl-acetone, 26. Isonitroso-diethyl-acetoacetic ester, 

Hexa-methylenetetramin, 99. Bile 

Hexenic acid, 16. Isonitroso-ethyl-acetoacetic ester, 51. 

Hexic acid, 16, 27s Isonitroso-methyl-acetoacetic ester, 

Hexyl- lutidin, I0T. 51. 

Hexyl-lutidin- ‘hydro- dicarboxylic es- Isonitroso-tetra—methyl-oxyquinizin, 

Lem elOn. Tie 
Homomesaconic acid, 52. 121. Isophenanthroxylene-acetoacetic es- 
Hydrazin hydrate, 105. ter, 125: 

Hydrazobenzene, 76, 8o. Isopropyl-acetoacetic ester, 4, 8. 
a-Hydrindone, IIT. Isopropyl-acetone, 4. 

Hydrogen methronic ester, 107. Isopropyl-chlor-crotonic ester, 16. 

Hydrogen methyl methronic ester, Isopropyl-succinic acid, 50. 

108. Isostearic acid, 28. 
Hydro-isobuty1 -lutidin-dicarboxylic Isoxyhexic acid, 27. 

ester, 74. 

Hydro-isopropyl]-lutidin- dicarboxylic Ketin-dicarboxylic acid, 33. 

ester, 73. Keto-sulfids, 104. 

Hydro-lutidin-dicarboxylic ester, 99. 
Hydro-parvolin-dicarboxylic ester, 73. Lactams, 126. 
Hydro-pyridin derivatives, 70. Lactones, 88. 
Hydroquinone, 40, 48. Laevulinic acid, 99. 

Hydro-tridecyl-lutidin—dicarboxylic _y-Lepidin, 82. 

ester, II0. Lutidin, 65, 70, 73, 109, 127. 
Hydroxamic acid of acetoacetic acid, a-y-Iutidin-/-carboxylic ester, 69. 

126. Lutidin-dicarboxylic ester, 55, 74, 99- 
Hydroxylamin, 39, 51, 60, 94, 125, 126. Lutidin-mono-carboxylic ester, 55, 79. 
Hydroxyl-dehydracetic acid, 60. Lutidin-tri-carboxylic acid, 73. 
Hydroxylepidin, 82. Lutidone-dicarboxylic ester, 75. 
Hydroxy -lutidin - monocarboxylic 

acid, 54. Magnetic rotary polarization, 58. 
Hydroxy-pentic acid, 133. Malonic ester, 75. 

y-Hydroxy-quinaldin, go. Melting points of acetoacetic esters, 
Hydroxy-tetric acid, 117, 118, 133. 92. 
Hydroxy-tetric diethyl ester, 118. Mesaconic acid, 118, 133 
Hydroxy-tetric ester, 117. Mesitene lactam, 122. 
Hydroxyxanthin, 66. Mesiten-lactone, 52, 121. 
Hypo-acetous acid, I. Mesiten-lactone carboxylic acid, 51. 

Mesityl oxid, 52. 

Imido-benzoic ester, 124. Mesityl oxid-anhydro-dicarboxylic es- 
Imido-dimethyl-uracyl, 129. ter, 42. 
Imido-methyl-uracyl, 129. Mesityl oxid-dicarboxylic ester, 42. 
Imido-phenyl-uracyl, 130. Meta-dehydracetic acid, 42. 
Iodacetoacetic ester, III. Metal acetoacetic esters, 14. 
Isoamyl-acetoacet-amid, 93, I15. Method of production of substituted 

a-Isoam yl—3—amido-crotonic ester, I15. acetoacetic esters, 23. 
Isobutyl-acetic acid, 15. Methoxy-diethyl-acetoacetic ester, 76. 
Isobutyl-acetoaget-amid, 93, I15. Methoxy-lepidin, 82. 
Isobutyl-acetoacetic ester, 9, 15. Methoxy-methyl-ethy]l ‘acetone, 76. 
Isobutyl-acetone, 6, 15. Methoxy-quinaldin, go. 
Isobutyl-aldehyde, 73. Methronic acid, 74, 108. 


a-Isobutyl-3-amido-crotonic ester, 115. Methronic diethyl ester, 108. 


146 SUBJECT INDEX 


Methyl-aceto-acet-amiid, 93, II5. 
Methyl-aceto-acet-anilid, 97. 
Methyl-acetoacetic acid, 37, 98. 


Methyl-acetoacetic ester, I, 2, 4, 7, 13, 
17, 25, 27, 53, 56, 61, 79, 97, 98, III, 


115, I17, 130. ; i 
Methyl-aceto-glutaric acid, 21. 


Methyl-acetoacetic methyl ester, 4, 


135; 

Methyl-acetone, 3. ; 
a-Methyl-aceto-propionic acid, 29. 
a-Methyl-aceto succinic ester, 21. 
B-Methyl-aceto-succinic ester, 13, 22. 

Methyl-allyl-acetoacetic ester, 53. 
a-Methyl-3-amido-crotonic ester, 115. 


Methyl-amin, 66, 70, 106. 
Methyl-benzyl-acetic acid, 20. 
Methyl-benzyl-acetic-benzyl ester, 20. 
Methyl-benzyl-acetoacetic ester, 20. 
Methyl-brom-acetoacetic ester, 120. 
Methyl--butyl-carbinol, 49. 
Methyl-/-butyl-ketone, 49. 
Methyl-{-butyl-pinacone, 49. 
Methyl-chlor—acetoacetic ester, 78, 
120, 
a-Methyl-3-chlor-crotonic acid, 17. 
Methyl-chlor-crotonic ester, 16. 
a-Methyl-crotonic acid, 7, 13. 
Methyl-cyan-acetoacetic ester, 56, 


105. 
Methyl-dehydrohexone-carboxylic es- 
Ler hOz. 
Methyl - dehydropentone - carboxylic 
ester, 89. 
Methyl-dichlor-acetoacetic ester, 78. 
Methyl-diethyl-methane, 49. 
a-Methyl-(-diethyl] - sulfone - butyric es- 
eh 2a. ° 
Methyl-diheptyl-carbin-ketone, 26. 
Methyl-ethyl-acetic ester, 14. 
Methyl-ethyl-acetoacetic ester, 14, 53. 
Methyl-ethyl-hydroxyquinolin, 135. 
Methyl-ethyl-3-oxybutyric ester, 14. 
2/-3/-Methyl-ethyl-oxyquinizin, 62. 
Methyl-ethyl-thiazole, 120. 
Methyl-fumaric acid, 133. 
Methyl-furfuran - carboxy-acetic acid, 
100. 
Methyl-glutaric acid, 21. 
Methyl-hydro-cinnamein, 20. 
a-Methyl-hydroxy-succinie acid, 26. 
Methyl-imido-methyl-uracyl, 130. 
Methyl-isoxazolone, 126. 
Methy!l-lepidone, 82. 
Methyl-methronie acid, 108. 
Methyl-methronic diethyl ester, 108. 
Methyl-nonyl-ketone, 28. 
Methyl-octyl-ketone, 26. 
a—Methyl-/3-oxybutric acid, 7, 13. 
Methyl-oxythiazole-carboxylic ester, 
109. 


Methyl-phenyl-ethyl-ketone, 12. 
Methyl-phenylhydrazin, 82. 
Methyl -phenylhydrazin — acetoacetic 
acid, 82. 
Methyl-phenyl-ketone, Ir. 
Methyl-phenyl-pyrazole, 98. 
Methyl-phenyl-pyrazolone, 105, 129. 
Methyl-propyl-acetic acid, 54, 59. 
Methyl-propyl-acetoacetic ester, 54, 59. 
a—Methyl-propyl-3-oxybutric acid, 54. 
Methyl-a-secondary-pentyl-ketone, 54. 
Methyl-succinic acid, 133. 
#-Methyl-thiazyl-acetic ester, 120, 129. 
3-Methyl-umbelliferone, 47. 
Methyl-uracyl, 66. 
Methyl uvic acid, 108. 

Methyl-valeral, 4. 
a-Methyl-valerolactone, 35. 
-Methyl-valerolactone, 35. 

Mustard oils, 88. 

Myristic aldehyde, r1o. 





b-Naphtho-dimethyl-oxyquinizin, 58. 

a-Naphthylamin, 91. 

a-Naphthyl-hydrazin, 112. 
Nitro-acetoacetic ester, IIT. 
Nitrogenous radicals, 64. 
Nitrosates, go. 
Nitroso-acetic ester, 33. 
Nitroso-acetoacetic ester, 33, 83. 
Nitroso-acetone, 20, 33. 
Nitroso-compounds, 39. 
Nitroso-ethyl-acetone, 19. 
Nitroso-methyl-acetone, 20. 
Nitroso-propionic acid, 20, 33. 
Nitro-uracyl, 66. 
Nitro-uracyl-carboxylic acid, 66. 
Nitrous acid on acetoacetic ester, 18, 


19, 33: 

Nitrous acid on ethyl-acetoacetic ‘es- 
Lei, 10: 

Nitrous acid on methyl-acetoacetic 
ester I9. 


Nony]l acid, 26. 


Octylic-acetic acid, 28. 

Octylic-acetoacetic ester, 28. 

Oenanthol, ror. 

Orcinol, 36. 

Oxalic acid, 45. 

Oxidation of acetoacetic ester, 9. 

Oximido-bodies, 39. 

Oximido-butyric acid, 126. 

Oxy-adipic acid, 25. 

Oxy-angelic acid, 9. 
p-Oxy-butyric acid, Sig 54- 

Oxy-heptic acid, 27. 

Oxy-hexic acid, 27. 

Oxy-mesiten-carboxylic acid, 52. 

Oxy-mesiten-dicarboxylic acid, 52. 

Oxy-methyl-quinizin, 58. 
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)-Oxy-a-methyl-quinolin, 48. 
Oxy-pentic acid, 27, 133. 
a-Oxy-pyrone, 128. 
Oxy-pyro-tartaric acid, 8, 26. 
Oxy-teteric acid, 27, 133. 
Oxy-tetrolic acid, 35, 44. 
Oxy-uvitic acid, 8 


Paraldehyde, 55. 

Paramido- acetoacetic ester, 35, 54, 96, 
132. 

Parvolin, 73. 

Parvolin-dicarboxylic acid, 73. 

Penta-chlor-acetoacetic ester, 35, 95. 

Pentamethyl-oxyquinizin, 67. 

Pentenic acid, 16. 

Pentic acid, 16, 27. 

y-Pentylene- gly col, 85. 

Perbrom- acetoacetic ester, 45. 

Phenanthraquinone, 39, 124. 

Phenanthroxylene - acetoacetic ester, 


39; 124, 
Phenanthroxylene - isocrotonic ester, 


PHEEGls, action of, 88. 
Phenyl-aceto-succinic ester, 57. 
B- Phenyl- amido-a-crotonic ester, 82. 
Phenyl-amido-ethyl-crotonic methyl 
ester, 135. 
Phenyl-amido-meth yl-crotonic methyl 
ester, 135. 
Phenyl-amido-quinaldin, go. 
3-Phenyl-azo-crotonic ester, 91, 136. 
Phenyl-brom-acetic ester, 57. 
Phenyl-carbamid, 78. 
Phenyl-dimethyl-pyrazolone, 86. 
Phenyl-dimethyl-pyridone-dicarbox— 
ylic ester, 75. 
Phenylhydrazin, 49, 58, 60, 61, 83, 84, 
86, 88, 91, 94, 98, 108, III, 12, 
116, LU L225, k2Qs1 3a. 136. 
Phenylhydrazin derivative of diacetyl, 
8 


98. 
Phenylhydrazin-pyroracemic acid, 93. 
Phenyl-)-hydrazo-crotonic ester, 136. 
Phenyl-isocyanate, 88. 
Phenyl-lutidone, 88. 
Phenyl-lutidone-carboxylic methy] 
ester, 88. 
Phenyl-mercaptan, 80, 123. 
Phenyl-mercaptid of sodium, 130. 
Phenyl-methyl-ethoxy-pyrimidin, 72. 
Phenyl-methyl-furfurane, 63. 
Phenyl-methyl-hydroxy-pyrimidin, 
68, 72, 124. 
Phenyl-methyl-nitroso-pyrazolone, 
NAGI yl 2 
Phenyl-methyl-oxyquinizin, 76. 
Phenyl-methyl-pyrazolone, 86, 91, 136. 
Phenyl-methyl-pyrazolone azoben- 
Zenue, Tie, MiG .stN7, 13k. 
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Phenyl -methyl-pyrazolone bisulfid, 
133. 

Phenyl-methyl-pyrazolone-ketophen- 
yl-hydrazone, 112, 116. 

Phenyl-methyl-pyrimidin, 72. 

Phenyl-methyl-pyrimidin-anilid, 72. 

Pheny-trimethyl-pyrazolone, 86. 

Phloroglucin, 75, 9I. 

Phthalic anhydrid, 88. 

Phthalyl-acetic acid, 83. 

Phthalyl-acetoacetic ester, 83. 

Phthalyl-diamid, 83. 

Phthalyl-imid, 83. 

Picric chlorid, r2t. 

Pimelic acid, 50. 

Piperidins, ror. 

Polycoumarins, gf. 

Potassium butyl nitrite, 42. 

Potassium ethyl nitrite, 41. 

Potassium on acetic ester, I. 

Potassium propyl nitrite, 41. 

Propaldehyde, 73. 

Production of acetoacetic ester, I, 2. 

Propionamidin, 72. 

Propyl-acetoacetic ester, 31, 4I. 

Propyl-chlor-crotonic ester, 16. 

Propyl-lutidin, ror. 

Propyl-lutidin- ‘dicarboxylic ester, IOT. 

Propy]-lutidin-hydro- -dicarboxylic es- 
ter Or 

Pseudo -—cumylizin —acetoacetic ester, 

/- 

Pyrazol blue, 86. 

Pyrazolone derivatives, 136. 

Pyridin derivatives, 69, 131. 

Pyridins, tor. 

Pyrimidins, 68, 72. 

Pyrogallol, 36. 

Pyron, 86. 

Pyrotartaric acid, 13, 20, 21. 

Pyrotritartaric acid, 23, 63, 74, 103, 
107. 

Pyrrol derivatives, 83. 

Pyruvic acid, 107. 


Quartenylic acid, 6. 

Quinizin, 61. 

Quinizin derivatives, 76. 

Quinolin derivatives, 48, 90, 135. 

Quinone, 102. 

Quinon-bydro-dicarboxylic ester, 44, 
48. 


Resacetic acid, 7 
Resaceto-phenon, 47. 
Resocyanin, 3 
Resorcin, 36, 47, 91. 
Rhamnodiazin, 103, 113. 
Rhamnosamin, I13. 
Rhamnose, 103, I13. 


148 


~~ 


Salicylaldehyde, 131, 134. 

Sod-acetoacetic ester hydrate, 56, 124. 

Sod-ethyl-acetoacetic ester, 124. 

Sodium-diacetyl-acetic ester, 56. 

Sodium on acetic ester, I, 4, 5, 6, 8, 
10, IOI, 132. 

Sodium on alcohol, 5. 

Sod-methyl-acetoacetic ester, 92, 94, 
136. 

Succinic acid, 45, 70, 74, 107. 

Succinic ester, 40. 

Succino-succinic ester, 40, 97. 

Sugar, 92. 

Sulfid of acetoacetic ester, 70. 

Sulfo-ureas, 88. 

Sulfur dichlorid, gr. 

Sylvane-carboxyacetic acid, 100. 


Tautomeric compounds, I1g. 
Tetracetic acid, 134. | 
Tetra-chlor-acetoacetic ester, 37, 95, 


97- 
Tetracrylic acid, 6. 
Tetra-methyl-oxyquinizin, 67. 
Tetrenic acid, 16. 
Tetric acid, 16, 27, 132, 133, 136. 
Tetrolic acid, 6. 
Thiacetamid, 120, 128. 
Thiacet-amido-acetic ester, 128. 
Thiacet-amido-acetoacetic ester hydro- 
bromid, 128. 


-Thiaceto-acetoacetic ester, 128. 


Thio-acetoacetic ester, I1I, 112, 116, 
117, 133. 

Thio-acetoacetic phenylhydrazid, 116. 

Thio-amids, 88. 

Thio-carbacetic acid, 14. 

Thio-carbamid, 78, 81, 109, 120, 128. 

Thio-carbonyl-acetoacetic ester, 94. 

Thio-carbony1 chlorid, 94. 

Thio-cyanates, 109. 

Thio-glycollic acid, 94. 

Thiomethyl uracyl, 81. 

Thio-methyl uracyl-acetic acid, Sr. 

Thio-phenyl-acetoacetic ester, 130. 


B-Thio-phenyl]-crotonic acid, 81. 


Thio-phenyl-methyl-pyrazolone, 117, 
133. 
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INDEXES TO THE LITERATURES OF CERIUM 
AND LANTHANUM. 


By W. H. MAGEE, Pu. D. 


INTRODUCTION. 


Tue following indexes to the literatures of cerium and lanthanum 
were prepared during the course of some work on the former element. 
They are not offered as being absolutely correct, but all the more im- 
portant articles bearing upon the elements are certainly indexed, and 
usually the original article heads the list. In some few cases, how- 
ever, it was difficult to determine the original. Whenever the journal 
was to be found on the library shelves the references were verified. 
No single library, however, contains all the journals to which references 
will be found. 

That the indexing of chemical literature is of great and growing im- 
portance is evident; that the work should be as nearly perfect as 
possible is equally true. Yet few except those who have attempted 
the task realize the difficulty and labor involved. I would ask, there- 
fore, as regards these indexes, that any one using them, and all chem- 
ists interested in the study of cerium and lanthanum, should send cor- 
rections and addenda to W. H. Magee, care of Professor L. M. Dennis, 
Cornell University, Ithaca, N. Y., so that after a few years perfectly 
correct indexes may be prepared. 

The Indexes are arranged on the same plan as that of the Index to 
Uranium, published by Dr. H. Carrington Bolton in 1870, and followed 
by several other chemists. The abbreviations used are in the main 
those of the standard list printed in Bolton’s Bibliography of Chem- 
istry. 


CORNELL UNIVERSITY, 
Iruaca, N. Y., July 21, 1894. 
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inNDEX TO THE LITERATURE OF DIDYMIUM — 
1842-1803. 


By A. C. LANGMUIR, Pu. D. 


THE following paper is offered to chemists with the hope that it may 
be of some value to them in their researches on an element of great 
theoretical and scientific interest, particularly as an example of the 
wonderful results accomplished by the use of the spectroscope in mod- 
ern chemistry. The voluminous literature of didymium affords a 
striking illustration of the pursuit of science for its own sake, and with 
no reward beyond the satisfaction of having advanced the cause of 
truth. 

Original work, at the present time, must always be preceded by a 
long and painstaking search through the literature, which consumes no 
inconsiderable amount of time. Anything which can lighten the labors 
of the investigator in this direction is sure to be a welcome addition to 
the literature. 

In 1882 Dr. H. Carrington Bolton originated the idea of indexing 
the literature of each of the chemical elements, and a Committee on 
Indexing Chemical Literature was appointed by the American Asso- 
ciation for the Advancement of Science. The committee annually 
reports the progress made during the year, the reports being published 
in the Chemical News and in American journals. 


The following elements have been indexed : — 


Columbium. — Index to the literature of, 1801-1887, by Frank W. 
Traphagen, Smithsonian Miscellaneous Collections, No. 663, 
. Washington, 1888. 


4 INDEX TO LITERATURE OF DIDYMIUM. 


Lridium. — Bibliography of the metal, 1803-1885, by N. W. Perry, in 
Mineral Resources of the United States, 1883-1884, p. 588; 
School of Mines Quarterly, 1885, p. 114; Chem. News, 188s, 
Rtpagee 

Manganese. — Index to the literature of, 1596-1874, by H. C. Bolton, 
Annals of the Lyceum of Natural History, New York, Vol. 
IT:, Nov.; 1875; 

Titanium. — Index to the literature of, 1783-1876, by E. J. Hallock, 
Annals of the New York Academy of Sciences, Vol. I., Nos. 
2-and 3, 1877. 

Uranium. — Index to the literature of, by H. C. Bolton, 1789-1885, 
Smithsonian Reports for 1885, Washington, 1885, p. 919- 
946. 

Vanadium. — Index to the literature of, 1801-1876, by G. Jewett Rock- 
well, Annals of the New York Academy of Sciences, Vol. L., 
No. 5, 1877. 


The general plan of the following index corresponds with that of the 
others published. ‘The indexes at the end of every volume of each 
journal were consulted, unless an index covering a series of years was 
available. The French journals proved to be very troublesome in this 
respect, as indexes at the end of the volume are often omitted, and the 
general indexes are seldom detailed enough to be of much value. 
This was especially true of the Bud/. Soc. Chim. and the Aun. Chim. 
Phys. 

The abbreviations used are those given by H. Carrington Bolton 
in his “Select Bibliography of Chemistry, 1492-1892,” Smithsonian 
Miscellaneous Collections, No. 840, Washington, 1893. 
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ADVERTISEMENT. 


The present publication is one of a series devoted to the discussion 
and more precise determination of various “ Constants of Nature ;” and 
forms the Fifth contribution to that subject published by this Institution. 

The First number of the series, embracing tables of “ Specific Gravi- 
ties” and of Melting and Boiling Points of Bodies, prepared by the same 
author, Prof. F. W. Clarke, was published in 1873. The Fourth part of 
the series, comprising a complete digest of the various “Atomic Weight”’ 
determinations of the chemical elements published since 1814, com- 
mencing with the well-known ‘“ Table of Equivalents” by Wollaston 
(given in the Philosophical Transactions for that year), compiled by 
Mr. George F. Becker, was published by the Institution in 1880. The 
present work comprises a very full discussion and recalculation of the 
“Atomic Weights” from all the existing data, and the assignment of 
the most probable value to each of the elements. 

The first edition of this work was published in 1882, and this new 
edition, revised and enlarged by Professor Clarke, contains new informa- 
tion accumulated during the past fifteen years. 

S. P. LANGLEY, 


Secretary of the Smithsonian Institution. 


WaAsHINGTON, January, 1897. 
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A RECALCULATION OF THE ATOMIC WEIGHTS. 


By FRANK WIGGLESWORTH CLARKE. . 


INTRODUCTION. 
4 


In the autumn of 1877 the writer began collecting data relative to 
determinations of atomic weight, with the purpose of preparing a com- 
plete résumé of the entire subject, and of recalculating all the estima- 
tions. The work was fairly under way, the material was collected and 
partly discussed, when I received from the Smithsonian Institution a 
manuscript by Professor George F. Becker, entitled “ Atomic Weight 
Determinations: a Digest of the Investigations Published since 1814.” 
This manuscript, which has since been issued as Part IV of the “ Con- 
stants of Nature,” covered much of the ground contemplated in my own 
unaertaking. It brought together all the evidence, presenting it clearly 
and thoroughly in compact form ; in short, that portion of the task could 
not well be improved upon. Accordingly, I decided to limit my own 
labors to a critical recalculation of the data; to combine all the figures 
upon a common mathematical basis, and to omit everything which could 
as well be found in Professor Becker’s “ Digest.” 

In due time my work was completed, and early in 1882 it was pub- 
lished. About a year later Meyer and Seubert’s recalculation appeared, 
to be followed later still by the less elaborate discussions of Sebelien and 
of Ostwald. All of these works differed from one another in various 
essential particulars, presenting the subject from different~points of view, 
and with different methods of calculation. Each one, therefore, has its 
own special points of merit, and, in a sense, reinforces the others. At 
the same time, the scientific activity which they represent shows how 
widespread was the interest in the subject of atomic weights, and how 
fundamentally important these constants undoubtedly are. 

The immediate effect of all these publications was to render manifest 
the imperfections of many of the data, and to point out most emphatic- 
ally in what directions new work needed to be done. Consequently, there 
has been since 1884 an extraordinary activity in the determination of 
atomic weights, and a great mass of new material has accumulated. The 
assimilation of this material, and its combination with the old data, is 
the object of the present volume. 
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At the very beginning of my work, certain fundamental questions con- 
fronted me. Should I treat the investigations of different individuals 
separately, or should I combine similar data together in a manner irre- 
spective of persons? For example, ought I, in estimating the atomic 
weight of silver, to take Stas’ work by itself, Marignac’s work by itself, 
and so on, and then average the results together; or should I rather 
combine all series of figures relating to the composition of potassium 
chlorate into one mean value, and all the data concerning the composi- 
tion of silver chloride into another mean, and, finally, compute from such 
general means the constant sought to be established? The latter plan 
was finally adopted; in fact,it was rendered necessary by the method of 
least squares, which, in a special, limited form, was chosen as the best 
method of dealing with the problem. ’ 

The mode of discussion and combination of results was briefly as 
follows. The formule employed are given in another chapter. I began 
with the ratio between oxygen and hydrogen; in other words, with the 
atomic weight of oxygen referred to hydrogen as unity. Each series of 
experiments was taken by itself, its arithmetical mean was found, and 
the probable error of that mean was computed. Then the several means 
were combined according to the appropriate formula, each receiving a 
weight dependent upon its probable error. ‘The general mean thus estab- 
lished was taken as the most probable value for the atomic weight of 
oxygen, and, at the same time, its probable error was mathematically 
assigned. 

Next in order came a group of elements which were best discussed 
together, namely, silver, chlorine, potassium, sodium, bromine, and 
iodine. For these elements there were data from many experimenters. 
All similar figures were first reduced to common standards, and then 
the means of individual series were combined into general means. Thus 
all the data were condensed into nineteen ratios, from which several 
independent values for the atomic weight of each element could be 
computed. The probable errors of these values, however. all involved 
the probable error of the atomic weight of oxygen, and were, therefore, 
higher than they would have been had the latter element not entered 
into consideration. Here, then, we have suggested a chief peculiarity 
of this whole revision. The atomic weight of each element involves 
the probable errors of all the other elements to which it is directly or 
indirectly referred. Accordingly,an atomic weight determined by refer- 
ence to elements whose atomic weights have been defectively ascertained 
will receive a high probable error, and its weight, when combined with 
other values, will be relatively low. For example, an atomic weight 
ascertained by direct comparison with hydrogen will, other things being 
equal, have a lower probable error than one which is referred to hydro- 
gen through the intervention of oxygen; and a metal whose equivalent 
involves only the probable error of oxygen should be more exactly 
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known than one which depends upon the errors of silver and chlorine. 
These points will appear more clearly evident in the subsequent actual 
discussions. 

But although the discussion of atomic weights is ostensibly mathe- 
matical, it cannot be purely so. Chemical considerations are necessarily 
involved at every turn. In assigning weights to mean values I have 
been, for the most part, rigidly guided by mathematical rules; but in 
some cases I have been compelled to reject altogether series of data 
which were mathematically excellent, but chemically worthless because 
of constant errors. In certain instances there were grave doubts as to 
whether particular figures should be included or rejected in the calcula- 
tion of means, there having been legitimate reasons for either procedure. 
Probably many chemists would differ with me upon such points of judg- 
ment. In fact, it is doubtful whether any two chemists, working inde- 
pendently, would handle all the data in precisely the same way, or 
combine them so as to produce exactly the same final results. Neither 
would any two mathematicians follow identical rules or reach identical 
conclusions. In calculating the atomic weight of any element those 
values are assigned to other elements which have been determined in 
previous chapters. Hence a variation in the order of discussion might 
lead to slight differences in the final results. 

As a matter of course the data herein combined are of very unequal 
value. In many series of experiments the weighings have been reduced 
to a vacuum standard; but in most cases chemists have neglected this 
correction altogether. Ina majority of instances the errors thus intro- 
duced are slight ; nevertheless they exist, and interfere more or less with 
all attempts at a theoretical consideration of the results. 

Necessarily, this work omits many details relative to experimental 
methods, and particulars as to the arrangement of special forms of appa- 
ratus. For such details original memoirs must be consulted. Their in- 
clusion here would have rendered the work unwarrantably bulky. There 
is such a thing as over-exhaustiveness of treatment, which is equally 
objectionable with under-thoroughness. 

_ Of course, none of the results reached in this revision can be consid- 
ered as final. Every one of them is liable to repeated corrections. To 
my mind the real value of the work, great or little, lies in another direc- 
tion. The data have been brought together and reduced to common 
standards, and for each series of figures the probable error has been de- 
termined. Thus far, however much my methods of combination may 
be criticised, I feel that my labors will have been useful. The ground is 
cleared, in a measure, for future experimenters; it is possible to see more 
distinctly what remains to be done; some clues are furnished as to the 
relative merits of different series of results. 

On the mathematical side my method of recalculation has obvious 
deficiencies. It is special, rather than general, and at some future time, 
when a sufficiently large mass of evidence has accumulated, it must 
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give way toa more thorough mode of treatment. For example, the ratio 
Ag,: BaBr, has been used for computing the atomic weight of barium, 
the atomic weights of silver and bromine being supposed to be known. 
But these atomic weights are subject to small errors, and they are super- 
imposed upon that of the ratio itself in the process of calculation. Ob- 
viously, the ratio should contribute to our knowledge of all three of the 
atomic weights involved in it, its error being distributed into three parts 
instead of appearing in one only. The errors may be in part compensa- 
tory; but that is not certainly known. 

Suppose now that for every element we had a goodly number of atomic 
weight ratios, connecting it with at least a dozen other elements, and all 
measured with reasonable accuracy. These hundreds of ratios could 
then be treated as equations of observation, reduced to lnear form, and 
combined by the general method of least squares into normal equations. 
All errors would thus be distributed, never becoming cumulative; and 
the normal equations, solved once for all, would give the atomic weights 
of all the elements simultaneously. The process would be laborious 
but the result would be the closest possible approach to accuracy. The 
data as yet are inadequate, although some small groups of ratios may 
be handled in that way; but in time the method is sure to be applied, 
and indeed to be the only general method applicable. Evenif every ratio 
was subject to some small constant error, this, balanced against the 
similar errors of other ratios, would become accidental or unsystematic 
with reference to the entire mass of material, and would practically 
vanish from the final means. 

Concerning this subject of constant and accidental errors, a word may 
be said here. My own method of discussion eliminates the latter, which 
are removable by ordinary averaging; but the constant errors, vicious 
and untractable, remain, at least partially. Still, where many ratios 
are considered, even the systematic errors may in part compensate each 
other, and do less harm than might be expected. They have, moreover, 
a peculiarity which deserves some attention. 

In the discussion of instrumental observations, the systematic errors 
are commonly constant, both as to direction and as to magnitude. They 
are therefore independent of the accidental errors, and computation of 
means leaves them untouched. But in the measurement of chemical 
ratios the constant errors are most frequently due to an impurity in one 
of the materials investigated. If different samples of a substance are 
studied, although all may contain the same impurity, they are not likely 
to contain it in the same amount; and so the values found for the ratio 
will vary. In other words, such errors may be constant in direction but 
variable in magnitude. That variation appears in the probable error 
computed for the series of observations, diminishes its weight when com- 
bined with other series, and so, in part, corrects itself. It is not removed 
from the result, but it is self-mitigated. The constant errors familiar to 
the physicist and astronomer are obviously of a different order. 
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That all methods of averaging are open to objections, I am of course 
perfectly aware. I also know the doubts which attach to all questions 
of probable error, and to all combinations. of data which depend upon 
them. I have, however, preferred to face these objections and to recog- 
nize these doubts rather than to adopt any arbitrary scheme which per- 
mits of a loose selection of data. After all, the use of probable error as 
a means of weighting is but'a means of weighting, and perhaps more 
justifiable than any other method of attaining the same result. When 
observations are weighted empirically—that is, by individual judg- 
ment—far greater dangers arise. Almost unconsciously, the work of a 
famous man is given greater weight than that of some obscure chemist, 
although the latter may ultimately prove to be the best. But the prob- 
able error of a series of measurements is not affected by the glamor of 
ereat*‘names; and the weight which it assigns to the observations is at 
least as safe as any other. In the long run, I believe it assigns weight 
more accurately, and therefore I have trusted to its indications, not as 
if it were a mathematical fetish, but regarding it as a safe guide, even 
though sometimes fallible. 

In Meyer and Seubert’s recalculation, weights are assigned in quite a 
novel manner. In each series of experiments the maximum and mini- 
mum results are given, but instead of the mean there is a value deduced 
from the sum of the weighings—that is, each experiment is weighted 
proportionally to the mass of the material handled in it. For this 
method I am unable to find any complete justification. Of course, the 
errors due to the operations of weighing become proportionally smaller 
as the quantity of material increases, but these errors, with modern 
apparatus, are relatively unimportant. The real errors in atomic weight 
determinations are much larger than these, and due to different causes. 
Hence an experiment upon ten grammes of material may be a little better 
than one made upon five grammes, but it is by no means necessarily 
twice as good. ‘The ordinary mean of a series of observations, with its 
measure of concordance, the probable error, is a better value than one 
obtained in the manner just described. If only errors of weighing were 
to be considered, Meyer and Seubert’s summation method would be 
valid, but in the presence of other and greater errors it seems to have 
but little real pertinency to the problem at hand. 

In addition to the usual periodicals, the following works have been 
freely used by me in the preparation of this volume: 


Berze.ius, J. J. Lehrbuch der Chemie. 5 Auflage. Dritter Band. 
SS. 1147-1231. 1845. 


Van Gruns, W. A. J. Proeve eener Geschiedenis van de Atquivalent- 
getallen der Scheikundige Grondstoffen en van hare Soortelijke 
Gewigten in Gasvorm, voornamelijk in Betrekking tot de vier 
Grondstoffen der Bewerktuigde Natuur. Amsterdam, 1853. 
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Mutper, kK. Historisch-Kritisch Overzigt van de Bepalingen der Aiquiv- 
alent-Gewigten van 13 Henvoudige Ligchamen. Utrecht, 1853. 


Mutper, L. Historisch-Kritisch Overzigt van de Bepalingen der Aiquiv- 
alent-Gewigten van 24 Metalen. Utrecht, 1853. 


OupemAns, A. C., Jr. Historisch-Kritisch Overzigt van de Bepaling der 
Kquivalent-Gewigten van Twee en Twintig Metalen. Leiden, 
1853, 


Sras, JS. Untersuchungen tiber die Gesetze der Chemischen Propor- 
tionen tuber die Atomgewichte und ihre gegenseitigen Verhilt- 
nisse. Uebersetzt von Dr. L. Aronstein. Leipzig, 1867. 
See also his ‘* Oeuvres Completes,” 3 vols., published at Bruxelles 
in 1894. 


Meyer, L., and Seusert, K. Die Atomgewichte der Elemente, aus den 
Originalzahlen neu berechnet. Leipzig, 1883. : 


SEBELIEN, J. Beitriige zur Geschichte der Atomgewichte. Braunschweig, 
1884. 


OstwaLp, W. Lehrbuch der allgemeinen Chemie. Zweite Aufl. I 
Band. SS. 18-188. , Leipzig, 1891. 


The four Dutch monographs above cited are especially valuable. 
They represent a revision of all atomic weight data down to 1853, as 
divided between four writers. 


For the sake of completeness the peculiar volume by Hinrichs * must 
also be cited, although the methods and criticisms embodied in it have 
not been generally endorsed. Hinrichs’ point of view is so radically 
different from mine that I have been unable to make use of his discus- 
sions. His objections to the researches of Stas seem to be quite un- 
founded ; and the rejoinders by Spring and by Van der Plaats are suffi- 
ciently thorough. 








* The True Atomic Weight of the Chemical Elements and the Unity of Matter. St. Louis, 1894, 
Compare Spring, Chem. Zeitung, Feb. 22, 1893, and Van der Plaats, Compt. Rend., 116, 1362. See 
also a paper by Vogel, with adverse criticisms by Spring and L. Henry, in Bull. Acad. Bruxelles, 
(3), 26, 469. 
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FORMULA FOR THE CALCULATION OF PROBABLE ERROR. 


The formula for the probable error of an arithmetical mean, familiar 
to all physicists, is as follows: 


ccle)) e= 0.6745 4/—- > 


Here n represents the number of observations or experiments in the 

series, and S the sum of the squares of the variations of the individual 
results from the mean. 
* In combining several arithmetical means, representing several series, 
into one general mean, each receives a weight inversely proportional to 
the square of its probable error. Let A, B, C, etc., be such means, and 
a, b, ¢ their probable errors respectively. Then the general mean is de- 
termined by the formula : 


A B Cc 
; EN aa cee 3 | 
(2.) pte I 
nese Maar =.) 


For the probable error of this general mean we have: 


I 


(3.) (hk 
ear y sd See ee 


In the calculation of atomic and molecular weights the following 
formule are used: Taking, as before, capital letters to represent known 
quantities, and small letters for their probable errors respectively, we 
have for the probable error of the sum or difference of two quantities, 
A and B: 


(4.) e=V7+6 

For the product of A multiplied by B the probable error is 
(5.) e= V (Ab)? + (Ba)? 

For the product of three quantities, ABC: 


(6.) e=  (BCa)? + (ACS)? + (ABe)? 


B 
For a quotient, ~’ the probable error becomes 


(7.) aie 
A 


8 THE ATOMIC WEIGHTS. 


Given a proportion, A: B::C:2, the probable error of the fourth term 
is as follows: 


Bea 
ead Cb)? 4- (Be)? 
BS alt x) + (CB + (Be) 
A 


This formula is used in nearly every atomic weight calculation, and 
is, therefore, exceptionally important. Rarely a more complicated case 
arises in a proportion of this kind: 


A: B:;@a¢:D-+ 2 


In this proportion the unknown quantity occurs in two terms. Its 
probable error is found by this expression, and is always large: 


(C= a Be + Ad? 
9. Be Kept) 3 cea . 
(9.) c=, z ( a ) (A — BP 





When several independent values have been calculated for an atomic 
weight they are treated hke means, and combined according to formule 
(2) and (3). > Each final result is, therefore, to be regarded as the general 
or weighted mean of all trustworthy determinations. This method of 
combination is not theoretically perfect, but it seems to be the one most 
available in practice. 


OXYGEN. 


The ratio between oxygen and hydrogen is the foundation upon which 
the entire system of atomic weights is sustained. Hence, the accuracy 
of its determination has, from the beginning, been recognized as of ex- 
treme importance. A trifling error here may become cumulative when 
repeated through a moderate series of other ratios. But few of the 
elements have, so far, been compared directly with the unit, hydrogen ; 
practically all of them are referred to it through the intervention of 
oxygen, and therefore the ratio in question requires discussion before 
any other can be profitably considered. 

Leaving out of account the earliest researches, which now have only 
historical value, the first determinations to be noted are those of Dulong 
and Berzelius,* who, like some of their successors, effected the synthesis 
of water over heated oxide of copper. The essential features of the 
method are in all cases the same. Hydrogen gas is passed over the hot 
oxide, and the water thus formed is collected and weighed. From this 
weight and the loss of weight which the oxide undergoes, the exact com- 





* Thomson’s Annals of Philosophy, July, 1821, p. 50. 
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position of water is readily calculated. Dulong and Berzelius made bat 
three experiments, with the following results for the percentages of 
oxygen and hydrogen in water: _ 


O. He 
88.942 11.058 
88.809 II.191 
88.954 11,046 


From these figures we get, for the atomic weight of oxygen, the values— 


16,124 
15.863 
16,106 





Mean, 16.031, ae .057. 


As the weighings were not reduced to a vacuum, this correction was 
afterwards applied by Clark,* who showed that these syntheses really 
make O = 15.894; or, in Berzelian terms, if O = 100, H =12.583. The 
value 15.894, + .057 we may therefore take as the true result of Dulong 
and Berzelius’ experiments, a result curiously close to that reached in 
the latest and best researches. 

In 1842 Dumasf published his elaborate investigation upon the com- 
position of water. The first point was to get pure hydrogen. This gas, 
evolved from zinc and sulphuric acid, might contain oxides of nitrogen, 
sulphur dioxide, hydrosulphuric acid, and arsenic hydride. These im- 
purities were removed in a series of wash bottles; the H,S bya solution 
of lead nitrate, the H,As by silver sulphate, and the others by caustic 
potash. Finally, the gas was dried by passing through sulphuric acid, 
or, in some of the experiments, over phosphorus pentoxide. The copper 
oxide was thoroughly dried, and the bulb containing it was weighed. 
By a current of dry hydrogen all the air was expelled from the apparatus. 
and then, for ten or twelve hours, the oxide of copper was heated to dull 
redness in a constant stream of the gas. The reduced copper was allowed 
to cool in an atmosphere of hydrogen. The weighings were made with 
the bulbs exhausted of air. The following table gives the results: 


Column A contains the symbol of the drying substance; B gives the 
weight of the bulb and copper oxide; C, the weight of bulb and reduced 
copper; D, the weight of the vessel used for collecting the water; E, the 
same, plus the water; F, the weight of oxygen; G, the weight of water 
formed ; H, the crude equivalent of H when O = 10,000; I, the equiva- 
lent of H, corrected for the air contained in the sulphuric acid employed. 
This correction is not explained, and seems to be questionable. 





* Philosophical Magazine, 3d series, 20, 34I. 
+ Compt. Rend., 14, 537. 
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In the sum total of these nineteen experiments, 840.161 grammes of 
oxygen form 945.489 grammes of water. This gives, in percentages, for 
the composition of water—oxygen, 88.864; hydrogen, 11.136. Hence 
the atomic weight of oxygen, calculated in mass, is 15.9608, In the 
following column the values are deduced from the individual data given 
under the headings F and G: 


15.994 
16,014 « 
16.024 
15.992 
15.916 
15.916 
15.943 
16,000 
15.892 
15.995 
15.984 
15.958 
15.902 
15.987 
15.926 
15.992 
15.904 
15.900 
16.015 


Mean, 15.9607, with a probable error of - .0070. 


In calculating the above column several discrepancies were noted, 
probably due to misprints in the original memoir. On comparing col- 
umns B and C with F, or D and E with G, these anomalies chiefly ap- 
pear. They were detected and carefully considered in the course of my 
own calculations ; and, I believe, eliminated from the final result. 

The investigation of Erdmann and Marchand * followed closely after 
that of Dumas. The method of procedure was essentially that of the 
latter chemist, differing from it only in points of detail. The hydrogen 
used was prepared from zine and sulphuric acid, and the zinc, which 
contained traces of carbon, was proved to be free from arsenic.and sul- 
phur. The copper oxide was made partly from copper turnings and 
partly by the ignition of the nitrate. The results obtained are given in 
two series, in one of which the weighings were not actually made in 
vacuo, but were, nevertheless, reduced to a vacuum standard. In the 
second series the copper oxide and copper were weighed in vacuo. The 
following table contains the corrected weights of water obtained and of 
the oxygen in it, with the value found for the atomic weight of oxygen 
in athird column. The weights are given in grammes. 


* Journ. fiir Prakt. Chem., 1842, bd. 26, s. 461. 
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First Series. 


Wt. Water. Wt. Ow +: At. Wt. O. 
62.980 55.950 15.917 
95.612 84.924 | 15.891 
94.523 84.007 15.977 
35.401 31.461 15.970 





Mean, 15.939, + .O14 


- 


Second Series. 


Wt. Water. Wt. O. At Wt. O: 
41.664 37-034 15.996 
44.089 39-195 16,018 
53-232 47.321 16.011 
55.636 49.460 16.017 


Mean, 16,010, + .0036 


The effect of discussing these two series separately is somewhat start- 
ling. It gives to the four experiments in Erdmann and Marchand’s 
second group a weight vastly greater than their other four and Dumas’ 
nineteen taken together. For so great a superiority as this there is no 
adequate reason ; and it is highly probable that it is due almost entirely 
to fortunate coincidences, rather than to greater accuracy of work. We 
will, therefore, treat Erdmann and Marchand’s experiments as one series, 
giving all equal weight, the mean now becoming O = 15.975, + .0113. 
If we take the sum of the eight experiments, 483.137 grammes water 
and 429.352 grammes oxygen, and compute from these figures, then 
Or 5966: 

It would be easy to point out the sources of error in the foregoing sets 
of determinations, but it is hardly worth while to do so in detail. A few 
leading suggestions are enough for present purposes. First, there is an 
insignificant error due to the occlusion of hydrogen by metallic copper, 
rendering the apparent weight of the latter a trifle too high. Secondly, 
as shown by Dittmar and Henderson, hydrogen dried by passage through 
sulphuric acid becomes perceptibly contaminated with sulphur dioxide. 
In the third place, Morley * has found that hydrogen prepared from zine 
always contains carbon compounds not removable by absorption and 
washing, Erdmann and Marchand themselves note that their zine con- 
tained traces of carbon. Finally, copper oxide, especially when pre- 
pared by the ignition of the nitrate, is very apt to contain gaseous impuri- 
ties, and particularly occluded nitrogen.f Any or all of these sources of 
error may have vitiated the three investigations so far considered, but it 
would be useless to speculate as to the extent of their influence. They 


* Amer, Chem. Journ., 12, 469. 1890. 
+See Richards’ work cited in the chapter on copper. 
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amply account, however, for the differences between the older and the 
later determinations of the constant under discussion. 

Leaving out of account all measurements of the relative densities of 
hydrogen and oxygen, to be considered separately later, the next de- 
termination to be noted is that published by J. Thomsen in 1870.* 
Unfortunately this chemist has not published the details of his work, 
but only the end results. Partly by the oxidation of hydrogen over 
heated copper oxide, and partly by its direct union with oxygen, Thom- 
sen finds that at the latitude of Copenhagen, and at sea level, one litre of 
dry hydrogen at 0° and 760 mm. pressure will form .8041 gramme of 
water. According to Regnault, at this latitude, level, temperature, and 
pressure, a litre of hydrogen weighs .08954 gramme. From these data, 
O = 15.9605. It will be seen at once that Thomsen’s work depends in 
great part upon that of Regnault, and is therefore subject to the correc- 
tions recently applied by Crafts and others to the latter. These cor- 
rections, which will be discussed further on, reduce the value of O from 
15.9605 to 15.91. In order to combine this value with others, it is neces- 
sary to assign it weight arbitrarily, and as Thomsen made eight experi- 
ments, which are said to be concordant, it may be fair to rank his 
determination with that of Erdmann and Marchand, and to assume for 
it the same probable error. The value 15.91, + .0118 will therefore be 
taken as the outcome of Thomsen’s research. 

In 1887 Cooke and Richards published the results of their elaborate 
investigation.t These chemists weighed hydrogen, burned it over copper: 
oxide, and weighed the water produced. The copper oxide was prepared 
from absolutely pure electrolytic copper, and the hydrogen was obtained 
from three distinct sources, as follows: First, from pure zinc and hydro- 
chlorie acid; second, by electrolysis, in a generator containing dilute 
hydrochloric acid and zinc-mercury amalgam; third, by the action of 
caustic potash solution upon sheet aluminum. The gas was dried and 
purified by passage through a system of tubes and towers containing 
potash, calcium chloride, glass beads drenched with sulphuric acid, and 
phosphorus pentoxide. Noimpurity could be discovered in it, and even 
nitrogen was sought for spectroscopically without being found. 

The hydrogen was weighed in a glass globe holding nearly five litres 
and weighing 570.5 grammes, which was counterpoised by a second globe 
of exactly the same external volume. Before filling, the globe was ex- 
hausted to within 1 mm. of mercury and weighed. It was then filled 
with hydrogen and weighed again. The difference between the two 
weights gives the weight of hydrogen taken. 

In burning, the hydrogen was swept from the globe into the combus- 
tion furnace by means of a stream of air which had previously been 
passed over hot reduced copper and hot cupric oxide, then through potash 





* Berichte d. Deutsch. Chem. Gesell., 1870, s. 928. 
+ Proc. Amer, Acad., 23, 149. Am, Chem. Journ., Io, 81. 
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bulbs, and finally through a system of driers containing successively 
calcium chloride, sulphuric acid, and phosphorus pentoxide. The water 
formed by the combustion was collected in a condensing tube connected 
with a U tube containing phosphorus pentoxide. The latter was fol- 
lowed by a safety tube containing either calcium chloride or. phosphorus 
pentoxide, added to the apparatus to prevent reflex diffusion. Full 
details as to the arrangement and construction of the apparatus are 
given. The final results appear in three series, representing [the three 
sources from which the hydrogen was obtained. All weights are cor- 
rected to a vacuum. 


First Series.—Hydrogen from Zine and Acid. 


Wt. of H. Wt. 1,0. At. Wi. O. 
-4233 3.8048 15.977 
.4136 3.7094 15.937 
4213 3.7834 15.960 
.4163 3-7345 15.941 
“4131 3.7085 15.954 





Mean, 15.954, - .0048 


Second Series.—Electrolytic Hydrogen. 


4112 3.6930 15.962 
.4089 3.6709 15.955 
.4261 3.8253 15.955 
“4197 3-765! 15.942 
-4144 3-7197 15.953 





Mean, 15.953, -- .0022 


Third Series.—Hydrogen from Aluminum. 


.4.2205 3.7865 15.943 
4284 3.8436 15.944 
-4205 3-7776 15.967 
-43205 3.8748 15.937 
-4153 3.7281 15.954 
.4167 3-7435 15.967 





Mean, 15.952, + .0035 

Mean of all as one series, 15.953, + .0020 
Shortly after the appearance of this paper by Cooke and Richards 
Lord Rayleigh pointed out the fact, already noted by Agamennone, that 
a glass globe when exhausted is sensibly condensed by the pressure of 
the surrounding atmosphere. This fact involves a correction to the fore- 
going data, due to a change in the tare of the globe used, and this cor- 
rection was promptly determined and applied by the authors.* By a 





* Proc. Amer. Acad., 23, 182, Am. Chem. Journ., Io, IgI. 
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careful series of measurements they found that the correction amounted 
to an average increase of 1.98 milligrammes to the weight of hydrogen 
taken in each experiment. Hence O equals not 15.958, but 15.869, the 
probable error remaining unchanged. The final result of Cooke and 
Richards’ investigation, therefore, is 


O = 15.869, + .0020. 


Keiser’s determinations of the atomic weight of oxygen were published 
almost simultaneously with Cooke and Richards’. He burned hydrogen 
occluded by palladium, and weighed the water so formed. In a pre- 
liminary paper * the following results are given: 


Wt. of Hi. Wt. of H,0. At. Wt. O. 
.65100 5.81777 15.873 
.60517 5.41540 15.897 
-33733 3.00655 15.822 





Mean, 15.864, + .O15 


Not long after the publication of the foregoing data Keiser’s full paper 
appeared.t Palladium foil, warmed to a temperature of 250°, was satu- 
rated with hydrogen prepared from dilute sulphuric acid and zinc free 
from arsenic. From 100 to 140 grammes of palladium were taken, and 
it was first proved that the metal did not absorb other gases which might 
contaminate the hydrogen. Before charging, the foil was heated to bright 
redness in vacuo. After charging, the tube containing the palladium 
hydride was exhausted by means of a Geissler pump to remove any 
nitrogen which might have been present. In the preliminary investiga- 
tion cited above, the latter precaution was neglected, which may account 
for the low results. 

Between the palladium tube and the combustion tube a U tube was 
interposed, containing phosphorus pentoxide. This was to determine 
the amount of moisture in the hydrogen. The combustion tube was 
filled with granular copper oxide, prepared by reducing the commercial 
oxide in hydrogen, heating the metal so obtained to bright redness in a 
vacuum, and then reoxidizing with pure oxygen. 

Upon warming the palladium tube, which was first carefully weighed, 
hydrogen was given off and allowed to pass into the combustion tube. 
When the greater part of it had been burned, the tube was cut off by 
means of a stopcock and allowed to cool. Meanwhile a stream of nitro- 
gen was passed through the combustion tube, sweeping hydrogen beforé 
it. This was followed by a current of oxygen, reoxidizing the reduced 
copper; and the copper oxide was finally cooled in a stream of dry air. 
The water produced by the combustion was collected in a weighed bulb 
tube, followed by a weighed U tube containing phosphorus pentoxide. 





* Berichte, 20, 2323. 1887. 
yt Amer. Chem, Journ., 10, 249. 1888. 
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A second phosphorus pentoxide tube served to prevent the sucking back 
of moisture from the external air. The loss in weight of the palladium 
tube, corrected by the gain in weight of the first phosphorus pentoxide, 
gave the weight of hydrogen taken. The gain in weight of the two col- 
lecting tubes gave the weight of water formed. AI1l weights in the follow- 
ing table of results are redueed to a vacuum: 


Wt. of HZ. Wt. AO. At. Wt..O. 
34145 3.06338 15.943 
.68394. 6.14000 15.955 
.65529 5.88200 15.952 
.65295 5.86206 15.954 
.60664 5.98116 15.944 
.66647 5.98341 15.955 
.57967 5.20493 15.958 
66254 5.94758 15.952 
.87770 7.86775 15.950 
-77215 6.93036 15.951 


Mean, 15.9514, +.oo1I. 





In sum, 6.55880 grammes of hydrogen gave 52.30383 of water, whence 
O = 15.9492. 


In March, 1889, Lord Rayleigh * published a few determinations of the 
atomic weight of oxygen obtained by still a new method. Pure hydrogen 
and pure oxygen were both weighed in glass globes. From these they 
passed into a mixing chamber, and thence into a eudiometer, where they 
were gradually exploded by a series of electric sparks. After explosion 
the residual gas remaining in the eudiometer was determined and meas- 
ured. The results, given without weighings or explicit details, are as 
follows : 

15.93 
15.98 
15.98 
15.93 
15.92 





Mean, 15.948, + .009 


Correcting this result for shrinkage of the globes and consequent change 
of tare, it becomes O = 15.89, -& .009. 


- Inthe same month that Lord Rayleigh’s paper appeared, Noyes f pub- 
lished his first series of determinations. His plan was to pass hydrogen 
into an apparatus containing hot copper oxide, condensing the water 
formed in the same apparatus, and from the gain in weight of the latter 
getting the weight of the hydrogen absorbed. The apparatus devised for 





* Proc. Roy. Soc., 45, 425. 
+ Amer. Chem. Journ., 11, 155. 1889. 
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this purpose consisted essentially of a glass bulb of 380 to 50 ce. capacity, 
with a stopeock tube on one side and a sealed condensing tube on the 
other. In weighing, it was counterpoised by another apparatus of nearly 
the same volume but somewhat less weight, in order to obviate reduc- 
tions to a vacuum. After filling the bulb with commercial copper oxide 
(90 to 150 grammes), the apparatus was heated in an airbath, exhausted 
by means of a Sprengel pump, cooled, and weighed. It was next re- 
placed in the airbath, again heated, and connected with an apparatus 
delivering purified hydrogen. Whena suitable amount of the latter had 
been admitted, the stopcock was closed, and the heating continued long 
enough to convert all gaseous hydrogen within it into water. The appa- 
ratus was then cooled and weighed, after which it was connected with a 
Sprengel pump, in order to extract the small quantity of nitrogen which 
was always present. The latter was pumped out into a eudiometer, 
where it was measured and examined. The gain in weight of the appa- 
ratus, less the weight of this very slight impurity, gave the weight of 
hydrogen oxidized. 

The next step in the process consisted in heating the apparatus to expel 
water, and weighing again. After this, pure oxygen was admitted and 
the heating was resumed, so as to oxidize the traces of hydrogen which 
had been retained by the copper. Again the apparatus was cooled and 
weighed, and then reheated, when the water formed was received in a 
bulb filled with phosphorus pentoxide, and the gaseous contents were 
collected in a eudiometer. On cooling and weighing the apparatus, the 
loss of weight, less the weight of gases pumped out, gave the amount of 
water produced by the traces of residual hydrogen under consideration. 
This weight, added to the loss of weight when the original water was 
expelled, gives the weight of oxygen taken away from the copper oxide. 
Having thus the weight of hydrogen and the weight of oxygen, the 
atomic weight sought for follows. Six results are given, but as they are 
repeated, with corrections, in Noyes’ second paper, they need not be 
considered now. 

Noyes’ methods were almost immediately criticised by Johnson,* who 
suggested several sources of error. This chemist had already shown in 
an earlier paper +t that copper reduced in hydrogen persistently retains 
traces of the latter, and also that when the reduction is effected below 
700°, water is retained too. The possible presence of sulphur in the 
copper oxide was furthermore mentioned. Errors from these sources 
would tend to make the apparent atomic weight of oxygen too low. 

In his second paper{ Noyes rephes to the foregoing criticisms, and 
shows that they carry no weight, at least so far as his work is concerned. 
He also describes a number of experiments in which oxides other than 
copper oxide were tried, but without distinct success, and he gives fuller 





* Chem. News, 59, 272. 
y+ Journ. Chem. Soc., May, 1879. 
tAmer. Chem. Journ., 12, 441. 18go. 
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details as to manipulations and materials. His final results are in four 
series, as follows: 


First Series —Hydrogen from Zine and Hydrochloric Acid. 


Wt. of H. Wt. of O. ib. Wie O: 
9443 7.5000 15.885 
.6744 5.3555 15.882 
.7866 6,2569 15.999 
5521 4.3903 15.904 
.4274 3-3997 15.909 
.8205 6.5686 15.895 





Mean, 15.8973, + .0032. 
This series appeared in the earlier paper, but with an error which is 
here corrected. 





Second Series.— Electrolytic Hydrogen, Dried by Phosphorus Pentoxide. 


Wt. of H. Wt. of O. At. Wt. O. 
5044 4.0095 15.898 
.6325 5.0335 15 932 
6349 5.0517 15.913 
5564 4.4175 15.879 
+7335 5.8224 15.876 
.6696 ESOT 15.885 





Mean, 15.8971, + .004, 


Third Series.—Electrolytic Hydrogen, Dried by Passage Through a Tube 
Packed with Sodium Wire. 


Wt. of H. Wt. of O. At. Wt. O. 
-9323 7.4977 15.891 
-9952 7-9045 15 885 
-3268 2.5977 15.898 
-7907 6.27098 15.884 
.7762 6.1671 15.891 
TeU22 8.9131 15.887 





Mean, 15.8893, + .0014 

At the end of this series it was found that the hydrogen contained a 

‘ace of water, estimated to be equivalent to an excess of three milli- 
trace of W : | 
crammes in the total hydrogen of the six experiments. Correcting for 
this, the mean becomes O = 15.859. 
Electrolytic Hydrogen, Dried over Freshly Sublimed Phos- 

phorus Pentoxide. 





Fourth Series. 


Wt. of A. Wes OF On VAIL NEO). 
1.0444 8.3017 15.898 
-7704 6.1233 15.896 
.8231 6.5421 15.896 
.8872 7.04990 15.890 
-9993 7.9403 15.892 
I.1910 9.4595 15.885 





Mean, 15.8929, + .0013 
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The mean of all the twenty-four determinations, taken as one series, 
with the correction to the third series included, is O = 15.8966, + .0017, 
In sum, there were consumed 18.5983 grammes of hydrogen and 147.8145 
of oxygen; whence O = 15.8955. 


Dittmar and Henderson,* who effected the synthesis of water over 
copper oxide by what was essentially the old method, begin their memoir 
with an exhaustive criticism of the work done by Dumas and by Erd- 
mann and Marchand. They show, as I have already mentioned, that 
hydrogen dried by sulphuric acid becomes contaminated with sulphur 
dioxide, and also that a gas passed over calcium chloride may still retain 
as much as one milligramme of water per litre. Fused caustic potash 
they found to dry a gas quite completely. 

In their first series of syntheses, Dittmar and Henderson generated 
their hydrogen from zinc and acid, sometimes hydrochloric and some- 
times sulphuric, and dried it by passage, first through cotton wool, then 
through vitrioled pumice, then over red-hot metallic copper to remove 
oxygen. In later experiments it first traversed a column of fragments 
of caustic soda to remove antimony derived from the zine. The oxide 
of copper used was prepared by heating chemically pure copper clip- 
pings in a muffle, and was practically free from sulphur. In weighing 
the several portions of apparatus it was tared with somewhat lighter 
similar pieces of as nearly as possible the same displacement. The re- 
sults of this series of experiments, which are vitiated by the presence, 
unsuspected at first, of sulphur dioxide in the hydrogen, are stated in 
values of H when O = 16, but in the following table have been recalcu- 
lated to the usual unit: 


Wt. of Water. Wt. of O. At. Wt. O. 


4.7980 4.26195 15.901 
7.55025 6.71315 16.039 
6.2372 Bes g085) ee 15.875 
1129325 10.03585 15.963 
11.6728 10.3715 15.940 
11.8433 10.5250 15.976 
11.7317 10.4243 15.947 
19.2404 17.0926 15.916 
20.83435 18.5234 16.031 
17.40235 15.4598 15.917 
19.2631 17.11485 15.934 





Mean, 15.949, + .0103. 


Reducing to a vacuum, this becomes 15.843, while a correction for the 
sulphur dioxide estimated to be present in the hydrogen brings the value 





* Proc. Roy. Soc. Glasgow, 22, 33. Communicated Dec. 17, 1890. 
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up again to 15.865. Still another correction is suggested, namely, that 
as the reduced copper in the combustion tube, before weighing, was ex- 
posed to a long-continued current of dry air, it may have taken up traces 
of oxygen chemically, thereby increasing its weight. As this correction, 
however, is quantitatively uncertain, it may be neglected here, and the 
result of this series will be taken as O = 15.865, + .0103. Its weight, 
relatively to some other series of experiments, is evidently small. 

In their second and final series Dittmar and Henderson dried their 
hydrogen, after deoxidation by red-hot copper, over caustic potash and 
subsequently phosphorus pentoxide. The copper oxide and copper of 
the combustion tube were both weighed in vacuo. ‘The results were as 
follows, vacuum weights being given: 


Wt. Water. Wt. O. At. Wt. O. 
19.2057 17.0530 15.843 
19.5211 17.3342 [15.853] 
19.4672 17.2882 ° 15.868 
22.9272 20.3540 15.820 
23.0080 20,4421 [15.934] 
23.4951 20.8639 15.859 
23.5612 20,9226 [15.859] 
3-7542 21.0957 15.870 
23.6568 21.8994 15.884 
23.6179 21.8593 15.848 
24.6021 21.8499 15.878 
24.3047 21.5788 15.832 
23.6172 20.9709 15.849 





Mean, 15.861, + .0052. 


The authors reject the three bracketed determinations, because of 
irregularities in the course of the experiments. The mean of the ten 
remaining determinations is 15.855, + .0044. Both means, however, 
have to be corrected for the minute trace of hydrogen occluded by the 
reduced copper. This correction, experimentally measured, amounts to 
+ .006. Hence the mean of all the experiments in the series becomes 
15.867, + .0052, and of the ten accepted experiments, 15.861, + .0044. 
The authors themselves select out seven experiments, giving a corrected 
mean of 15.866, which they regard as the best value. Taking all their 
evidence, their two series combine thus: 


[Dicer laces Amiga omcron saci cromio 6 15.865,. - .0103 
SECONd) SERIES pepe oe eine 15.867, -: .0052 
Generalemeaneee aac 15.8667, + .0046 


Leduc,* who also effected the synthesis of water over copper oxide, 





* Compt. Rend., 115, 41. 1892. 
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following Dumas’ method with slight modifications, gives the results of 
only two experiments, as follows: 


Wt. Water. We. O. At. Wi. O. 
22. 11082 19.6844 15.882 
19.7403 17.5323 15.880 





Mean, 15.881 


These experiments we may arbitrarily assign equal weight with two 
in Dittmar and Henderson’s later series, when the result becomes 
15.881, + .0182, the value to be accepted. Leduc states that his copper 
oxide, which was reduced at as low a temperature as possible, was pre- 
pared by heating clippings of electrolytic copper in a stream of oxygen. 

To E. W. Morley * we owe the first complete quantitative syntheses of 
water, in which both gases were weighed separately, and afterwards in 
combination. The hydrogen was weighed in palladium, as was done by 
Keiser, and the oxygen was weighed in compensated globes, after the 
manner of Regnault. The globes were contained in an artificial “ cave.” 
to protect them from moisture and from changes of temperature; being 
so arranged that they could be weighed by the method of reversals with- 
out opening either the “cave ” or the balance case. For each weighing 
of hydrogen about 600 grammes of palladium were empioyed. After 
weighing, the gases were burnt by means of electric sparks in a suitable 
apparatus, from which the unburned residue could be withdrawn for 
examination. Finally, the apparatus containing the water produced was 
closed by fusion and also weighed. Rubber joints were avoided in the 
construction of the apparatus, and the connections were continuous 
throughout. The weights are as follows: 


HI taken O taken. #7,O formed. 
3.2645 25.9176 29.1788 
3.2559 25.8531 29.1052 
3.8193 30: 3210 34.1389 
3.8450 30.5294 Lost 
3.8382 30.4700 34.3151 
3.8523 30.5818 34.4327 
3.8298 30.4013 34.2284 
3.8286 30. 3966 34.2261 
3.8225 30.3497 34 1742 
3.8220 39. 3479 34-1743 
3-7937 29.8865 33-6540 
3.8211 30-3429 34.1559 








***On the Density of Oxygen and Hydrogen, and on the Ratio of their Atomic Weights,” by 
Edward W. Morley. Smithsonian Contributions to Knowledge, 1895, 4to, xi + 117 pp., 40 cuts. 
Abstract in Am. Chem. Journ., 17, 267 (gravimetric), and Ztschr. Phys. Chem., 17, 87 (gaseous densi- 
ties); also note in Am. Chem. Journ., 17, 396. Preliminary notice in Proc. Amer. Association, 
1891, p. 185. 
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Hence we have— 








fT: O Ratio fT: H,O Ratio. 
15.878 17.877 
15.881 17.878 
15.878 17.873 
TSCOSOR pal ) Reman OD i/o ial er dee ae 
15.877 17.881 
15.877 17.876 
15.877 17.875 
15.878 17.879 
15.879 17.881 
15.881 17.883 
15.981 17.883 ; 
15.882 17.878 

Mean, 15.8792, —+ .00032 Mean, 17.8785, -+ .00066 


Combined, these data give: 








Eromyratiowlcl 1:1 © eee © = 15.8792, == .00032 
te Soom letipesh la) pares O = 15.8785, + .00066 
General mean....... O = 15.8790, + .00028 


For details, Morley’s full paper must be consulted. No abstract can 
do justice to the remarkable work therein recorded. 


Two other series of determinations, by Julius Thomsen, remain to be 
noticed. In the earlier paper* he determined the ratio between HCl 
and NH,,and thence, using Stas’ values for Cl and N, fixed by reference 
to O = 16, computed the ratio H:O. This method was so indirect as to 
be of little importance, and gave for the atomic weight of oxygen approx1- 
mately the round number 16. I shall use the data farther on in eal- 
culating the atomic weight of nitrogen. The paper has been sufficiently 
criticised by Meyer and Seubert,f who have discussed its sources of error. 

In Thomsen’s later paper { a method of determination is described 
which is, like the preceding, quite novel, but more direct. First, alu- 
minum, in weighed quantities, was dissolved in caustic potash solution. 
In one set of experiments the apparatus was so constructed that the 
hydrogen evolved was dried and then expelled. The loss of weight of 
the apparatus gave the weight of the hydrogen so liberated. In the 
second set of experiments the hydrogen passed into a combustion 
chamber in which it was burned with oxygen, the water being retained. 
The increase in weight of this apparatus gave the weight of oxygen so 
taken up. The two series, reduced to the standard of a unit weight of 
aluminum, gave the ratio between oxygen and hydrogen. 





* Zeitsch. Physikal. Chem, 13, 398. 1804. 
} Ber., 27, 2770. 
{ Zeitsch. Anorg. Chem., 21, 14. 1895. 
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The results of the two series, reduced to a vacuum and stated as ratios, 
are as follows: 





First. Second. 
Weight of H Weight of O. 
Weight of Al Weight of Al 

0.11180 0.88788 

T1175 0.88799 
11194 0.88774 
11205 0.88779 
.IT189 0.88785 
. 11200 0.88789 

-ITI94 c.88798 

-III75 o 88787 

- 11190 0.88773 

11182 0.88798 
11204 0.88785 
II202 = 
T1204 0.88787, + 0.000018 


III79 
11178 
11202 
T1188 
11186 
T1185 
I11gO 
. 11187 


© 0) Oo Ghc 6 OmoNo OO) Ole Oc onononc 


O.II1gO, -- 0.000015 





Dividing the mean of the second column by the mean of the first, we 
have for the equivalent of oxygen: 


0.88787, + 0.000018 
0.11190, - 0.000015 


Hence O = 15.8690, + 0.0022. 


= 7.9345, + 0.0011 





The details of the investigation are somewhat complicated, and involve 
various corrections which need not be considered here. The result as 
stated includes all corrections and is evidently good. The ratios, how- 
ever, cannot be reversed and used for measuring the atomic weight of 
aluminum, because the metal employed was not absolutely pure. 

We have now before us, representing syntheses of water, thirteen series, 
as follows: 





Dulong and Berzelius.......... O=15.894, == .057 
DIMAS Ey eae Nae, ya) alberto tact 15.9607, + .0070 
Erdmann and Marchand......... TSO 75 OL 3 
HiOmSenS Oye eee ae nate TSO =O Le 
Cooke and Richards........... 15.869, - .0020 
IMGISeI MOOT e rs te atv ere 15.964, == .015 


a MOSS tev Me aN rich rca 15.9514, + .OOI1 


24 THE ATOMIC WEIGHTS. 


Raw leteli> crest vetotaetetent ae 15.89, - .009 
INOYeSs Sache .tarey cere eral ete 15.8966, + .0017 
Dittmar and Henderson........ 15.8667, + .0046 
edu), jaar eeieene eee 15.881, = .0132 
Morléy:Ger gt stor csceteme tinier 15.8790, + .00028 
ARHOmMSED SO Semen ae Ene 15.8690, + .0022 
(Generalemeaneee eee O = 15.8837, + .00026 
Ne echinopeisexane ene ater 15.8796, + .00027 


If we reject all except the determinations of Cooke and Richards, Ray- 
leigh, Noyes, Dittmar and Henderson, Leduc, Thomsen, and Morley, the 
general mean of these becomes 15.8794, + .00027. From this it is evi- 
dent that Keiser’s determinations alone, among the higher values for O, 
carry any appreciable weight; and it also seems clear that the rounded- 
off number, O = 15.88, + .0003, cannot be very far from the truth; at 
least so far as the synthetic evidence goes. 


In discussing the relative densities of oxygen and hydrogen gases we 
need consider only the more modern determinations, beginning with 
those of Dumas and Boussingault. As the older work has some his- 
torical value, I may in passing just cite its results. For the density of 
hydrogen we have .0769, Lavoisier; .0693, Thomson; .092, Cavendish ; 
0732, Biot and Arago; .0688, Dulong and Berzelius. For oxygen there 
are the following determinations: 1.087, Fourcroy, Vauquelin, and Sé- 
euin; 1.103, Kirwan; 1.128, Davy; 1,088, Allen and Pepys; 1.1036, Biot 
and Arago; 1.1117, Thomson; 1.1056, De Saussure ; 1.1026, Dulong and 
Berzelius; 1.106, Buff; 1.1052, Wrede.** 

In 1841 Dumas and Boussingault fT published their determinations of 
gaseous densities. For hydrogen they obtained values ranging from .0691 
to .0695; but beyond this mere statement they give no details. For 
oxygen three determinations were made, with the following results: 


1.1055 
1.1058 


TOS? 





Mean, 1.10567, -- .00006 


If we take the two extreme values given above for hydrogen, and re- 
gard them as the entire series, they give us a mean of .0695, + .00018. 
This mean hydrogen value, combined with the mean for oxygen, gives 
for the latter, when H = 1, the density ratio 15.9558, + .051. 

Regnault’s researches, published four years later, { were much more 








* For Wrede’s work, see Berzelius’ Jahresbericht for 1843. For Dulong and Berzelius, see the 
paper already cited. All the other determinations are taken from Gmelin’s Handbook, Caven- 
dish edition, v. 1, p. 279. 

+ Compt. Rend., 12, 1005. Compare also with Dumas, Compt. Rend., 14, 537. 

t Compt. Rend., 20, 975. 
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elaborately executed. Indeed, they have long stood among the classics 
of physical science, and it is only recently that they have been sup- 
‘planted by other measurements. 
For hydrogen three determinations of density gave the following 

results: 

.06923 

.06932 

.00924 





Mean, .069263, + .000019 


For oxygen four determinations were made, but in the first one the 
gas was contaminated by traces of hydrogen, and the value obtained, 
1.10525, was, therefore, rejected by Regnault as too low. The other three 
are as follows: 


I, 10561 
1.10564 
1.10565 








Mean, 1.105633, -- .000008 


Now, combining the hydrogen and oxygen series, we have the ratio 
H:0::1: 15.9628, + .0044. According to Le Conte,* Regnault’s reduc- 
tions contain slight numerical errors, which, corrected, give for the density 
of oxygen, 1.105612, and for hydrogen, .069269. Ratio, 1: 15.9611. 

A much weightier correction to Regnault’s data has already been in- 
dicated in the discussion of Cooke and Richards’ work. He assumed 
that the globes in which the gases were weighed underwent no changes 
of volume, but Agamennone,t and after him, but independently,{ Lord 
Rayleigh showed that an exhausted vessel was perceptibly compressed 
by atmospheric pressure. Hence its volume when empty was less than 
its yolume when filled with gas. Crafts, having access to Regnault’s 
original apparatus, has determined the magnitude of the correction indi- 
cated.§ Unfortunately, the globe actually used by Regnault had been 
destroyed, but another globe of the same lot was available. With this 
the amount of shrinkage during exhaustion was measured, and Reg- 
nault’s densities were thereby changed to 1.10562 for oxygen, and 
.06949 for hydrogen. Corrected ratio, 1: 15.9105. Doubtless Dumas 
and Boussingault’s data are subject to a similar correction, and if we 
assume that it is proportionally the same in amount, the ratio derived 
from their experiments becomes 1 : 15.9015. 

In the same paper, that which contained the discovery of this correc- 
tion, Lord Rayleigh gives a short series of measurements of his own. 











* Private communication. See also Phil. Mag. (4), 27, 29, 1864, and Smithsonian Report, 1878, 
Pp. 428. 

7 Atti Rendiconti Acad. Lincei, 1885. 

} Proc. Roy. Soc., 43, 356. Feb., 1888. 

2 Compt. Rend., 106, 1662. 
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His hydrogen was prepared from zine and sulphuric acid, and was puri- 
fied by passage over liquid potash, then through powdered mercuric 
chloride, and then through pulverized solid potash. It was dried by 
means of phosphorus pentoxide. His oxygen was derived partly from 
potassium chlorate, and partly from the mixed chlorates of sodium and 
potassium. Equal volumes of the two gases weighed as follows : 


Ed O. 
-I5811 2.5186, + .oo061 * 
.15807 
15798 
15792 





Mean, .15802, + 000029. 


Corrected for shrinkage of the exhausted globe these become—H, 
0.15860; O, 2.5192. Hence the ratio 1 : 15.884, + .0048. 

In 1892 Rayleigh published a much more elaborate determination of 
this ratio.f The gases were prepared electrolytically from caustic potash, 
and dried by means of solid potash and phosphorus pentoxide. The 
hydrogen was previously passed over hot copper. The experiments, 
stated like the previous series, are in five groups; two for oxygen and 
three for hydrogen; but for present purposes the similar sets may he 
regarded as equal in weight, and so discussable together. The weights 
of equal volumes are as follows: 











Hd: O. 
{ .15807 2.5182 | 
| .15816 2251713 | 
First set pare six 2.5172 First set. 
Mean, .15808 | .15803 2.5193 [ Mean, 2.51785. 
| .15S01 2.5174 | 
| -15809 2.5177 | 
{ .15800 2.5183 | 
Second set | *15820 2.5108 Second set, 
DN 5192 2 DZ an) . 
Mean, 2.5172. 
Mean, .15797 | 15788 Bah | ean, 2.517 
| -15783 2.5156 J 
( .15807 
-15S01 Mean, 2.5176, + .00019. 
.15817 
Third set | -1579° 
Mean, .15804 ) «15810 
-15798 
.15802 ° 
| .15807 





Mean, .15804, + .000019. 





* Arbitrarily assigned the probable error of a single experiment in Rayleigh’s paper of 1592. 
+ Proc. Roy. Soc., 50, 448, Feb. 18, 1892. 





ean teee ammenities 


OXYGEN. Dili 


These weights with various corrections relative to temperatures and | 
pressures, and also for the compression of the exhausted globe, ulti- 
mately become for H, .158531; and for O, 2.51777. Hence the ratio 
1: 15.882, + .0023. For details relative to corrections the original 
memoir should be consulted. 


In his paper ‘‘ On a new method of determining gas densities,” * Cooke 
gives three measurements for hydrogen, referred to air as unity. They 
are: 

.06957 
.00951 
.06966 





Mean, .06958, -+ .000029 


Combining this with Regnault’s density for oxygen, as corrected by 
Crafts, 1.10562, + .000008, we get the ratio H: O0::1: 15.890, + .0067. 


Leduc, working by Regnault’s method, somewhat modified, and cor- 
recting for shrinkage of exhausted globes, gives the following densities : f 


Lee O. 
.06947 1.10501 
.00940 1.10516 
06947 





Mean, .06948, + .00006745 


The two oxygen measurements are the extremes of three, the mean 
being 1.10506, + .0000337. Hence the ratio 1: 15.905, + .0154. 

The first two hydrogen determinations were made with gas produced 
by the electrolysis of caustic potash, while the third sample was derived 
from zinc and sulphuric acid. The oxygen was electrolytic. Both gases 
were passed over red-hot platinum sponge, and dried by phosphorus 
pentoxide. 

Much more elaborate determinations of the two gaseous densities are 
those made by Morley.{ For oxygen he gives three series of data; two 
with oxygen from potassium chlorate, and one with gas partly from the 
same source and partly electrolytic. In the first series, temperature and 
pressure were measured with a mercurial thermometer and a mano- 
barometer. In the second series they were not determined for each 
experiment, but were fixed by comparison with a standard volume of 
hydrogen by means of a differential manometer. In the third series the 
gas was kept at the temperature of melting ice, and the mano-barometer 








* Proc. Amer. Acad., 24, 202. 1889. Also Am. Chem. Journ., 11, 509. 
+Compt. Rend., 113, 186. 1891. 
{ Paper already cited, under the gravimetric portion of this chapter. 
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_ alone was read. The results for the weight in eramnies, at latitude 45°, 
of one litre of oxygen are as follows: 








First Series. Second Series. Third Series. 
1.42864 1.42952 1.42920 
1.42849 1.42900 1.42860 
1.42838 1.42863 1.42906 ~ 
1.42900 1.42853 ; 1.42957 
1.42907 1.42858 1.42910 
1.42887 1.42873 1.42930 
1.42871 1.42913 1.42945 
1.42872 1.42905 1.42932 
1.42883 1.42896 1.42908 
a 1.42880 1.42910 

Mean, 1.42875, -_ .000051 1.42874 1.42951 
Corrected,* 1.42879, + .000051 1.42878 1.42933 
1.42872 1.42905 

1.42859 1.42914 

1.42851 1.42549 

- 1.42894 


Mean, 1.42882, + .000048 1.42886 
Corrected, 1.42887, + .c00048 - 





Mean, 1.42912, + .000048 
Corrected, 1.42917, + .000048 


General mean of all three series, 1.42896, + .000028. 


Morley himself, for experimental reasons, prefers the last series, and 
gives it double weight, getting a mean density of 1.42900. The differ- 
ence between this mean and that given above is insignificant with ref- 
erence to the atomic weight problem. 

In the case of hydrogen, Morley’s determinations fall into two groups, 
but in both the gas was prepared by the electrolysis of pure dilute sul- 
phuric acid, and was most elaborately purified. In the first group there 
are two series of measurements. Of these, the first involved the reading 
of temperature and pressure by means of a mercurial thermometer and 
mano-barometer. In the second series, the gas was delivered into the 
weighing globes after occlusion in palladium; it was then kept at the 
temperature of melting ice, and only the syphon barometer was read. 
In this group the hydrogen was possibly contaminated with mercurial 
vapor, and the results are discarded by Morley in his final summing up. 
For present purposes, however, it is unnecessary to reject them, for they 
have confirmatory value, and do not appreciably affect the final mean. 
The weight of one litre of hydrogen at 45° latitude, as found in these two 
sets of determinations, is as follows: 





* Correction applied by Morley to all his series, for a slight error, 000) in the length of his 
standard metre bar. 
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: First Series. Second Series. 
089904 .089977 
.089936 .089894 
089945 .089987 
089993 .089948 
.089974 .089951 
.089941 .089960 
.089979 .090018 
.089936 .089909 
089904 .089953 
.089863 .089974 
-089878 .089922 
.089920 .090093 
.089990 .090007 
.089926 .089899 
.089928 .089974. 

- -089900 
Mean, .089934, -_ .000007 .089869 
Corrected, .089938, +: .000007 -O90144 
.089984 

Mean, .089967, -_ .cooorr 

Corrected, .089970, + .oOOOIT 


In the second group of experiments, the hydrogen was weighed in 
palladium before transfer to the calibrated globe; and in weighing, the 
palladium tube was tared by a similar apparatus of nearly equal volume 
and weight. After transfer, which was effected without the intervention 
of stopcocks, the volume and pressure of the gas were taken at the 
temperature of melting ice. A preliminary set of measurements was 
made, followed by three regular series; of these, the first and second 
were with the same apparatus, and are different only in point of time, 
a yacation falling between them. The last series was with a different 
apparatus. The data are as follows, with the means as usual: 











Preliminary. Third Series. fourth Series. fifth Series. 
.089946 .089874 .089972 .089861 
.089915 .089891 .089877 .089877 
.089881 .089886 .089867 .089870 
.089901 .089866 .089916 .089867 
089945 0899 II .089770 .089839 

= .089856 .089846 .089874 

Mean, .089918, .089912 ~ .089864 

+ .0000271 .089872 Mean, .089875, .089883 
Corrected, .089921 - -+_ ,0000187 .089830 
Mean, .089883, Corrected, .o89880 .089877 

+ 0060049 .089851 


Corrected, .089886 





Mean, .089863, 
++ .0000034 
Corrected, .089866 
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Now, rejecting nothing, we may combine all the series-into a general 
mean, giving the weight of one litre of hydrogen as follows: 


HIrStySenLeSueem wren teriene arduncetegatenas ailene .089938, -+ .000007 
Secondiisertesia® vane e ceeeeiac savers .089970, -+ .OOOOII 
Preliminary series, second method...... .089921, + .0000271 
Uhirdsertess22 1 entry ace er .089886, + .0000049 
Bourth: «sya tdame= sore crestor .089880, ++ .0000187 
Fete Ny es cnc cent era eee Cen etree cars .089866, + .0000034 
Ceneralamenninnen eet eerste 089897, ++ .0000025 
Ivejectines the turshthnee ser ee eer 089872, + .0000028 


This last mean value for hydrogen will be used in succeeding chapters 
of this work for reducing volumes of the gas to weights. Combining 
the general mean of all with the value found for the weight of a litre of 
oxygen, 1.42896, + .000028, we get for the ratio H: O, 


O =15 8955, -: .0005 


If we take only the second mean for H, excluding the first three series, 


we have— 
O = 15.9001, + .0005 


This value is undoubtedly nearest the truth, and is preferable to all 
other determinations of this ratio. Its probable error, however, is given 
too low; for some of the oxygen weighings involved reductions for tem- 
perature and pressure. These reductions involve, again, the coefficient of 
expansion of the gas, and its probable error should be included. Since, 
however, that factor has been disregarded elsewhere, it would be an over- 
refinement of calculation to include it here. 

In a memoir of this kind it is impossible to do full justice to so elab- 
orate an investigation as that of Morley. The details are so numerous, 
the corrections so thorough, the methods for overcoming difficulties so 
ingenious, that many pages would be needed in order to present any- 
thing like a satisfactory abstract. Hardly more than the actual results 
can be cited here; for all else the original memoir must be consulted. 

Still more recently, by a novel method, J. Thomsen has measured the 
two densities in question.* In his gravimetric research, already cited, 
he ascertained the weights of hydrogen and of oxygen equivalent toa 
unit weight of aluminum. In his later paper he describes a method of 
measuring the corresponding volumes of both gases during the same 
reactions. Then, having already the weights of the gases, the volume- 
weight ratio, or density, is in each case easily computable. From 1.0171 
to 2.3932 grammes of aluminum were used in each experiment. Omit- 
ting details, the volume of hydrogen in litres, equivalent to one gramme 
of the metal, is as follows: 





* Zeitschr. Anorg. Chem., 12, 4. 1896. 
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-24297 
-24303 
. 24286 
-24271 
24.283 
24260 
-24314 
.24294 


emt 


Mean, 1.24289, + .00004 





The weight of hydrogen evolved from one gramme of aluminum was 
found in Thomsen’s gravimetric research to be 0.11190, + .000015. 
Hence the weight of one litre at 0°, 760 mm., and 10.6 meters above sea 
level at Copenhagen is: 


-090032, + .000012; 
or at sea level in latitude 45°, 


.089947, -+ .0OOOI2 gramme. 


The data for oxygen are given in somewhat different form, namely, 
for the volume of one gramme of the gas at 0°, 760, and at Copenhagen. 
The values are, in litres: 

.69902 
-69923 
.69912 
69917 
-69903 
.69900 
. .69901 
.69921 
.69901 
.69922 





Mean, .69910, 
At sea level in latitude 45°, .69976, 


-00002 


= 
+ ,00002 
Hence one litre weighs 1.42906, + .00004 grammes. 


Dividing this by the weight found for hydrogen, 0.089947, + .000012 
we have for the ratio H: O, 


15.8878, + .0022. 


The density ratios, H : O, now combine as follows: 


Dumas and Boussingault, corrected........ 15.9015, - .031 
Reanaulltconrectedn ans: -es pas see eels ee 15.9105, + .0044 
Reavy ela anen SS Omeeterie arse Gaye nvecie a oiccokeieve 15.884, = .0048 
ce TROLS 71 Nite les Geo G ERENT ACI 15.882, - .0023 
OG Kee a ara ete eee aeien ah sna csisiens ausae Veravevenslees 15.899, + .0067 
LGU Cp aeteere mney ett coh Stchanetenecs Aisi okete a Coetolrsyaie 15.905, + .O154 
Morley, including all the data..... ...... 15.8955, -& .0005 
PRIMO SE sy ieee ht scushaisi Siausieisialchel.-nesareyescters 15.8878, + .0022 
Generalimeanivecs 5 sion cha: cas, heyetetorsicts 15.8948, + .00048 
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If we reject all of Morley’s data for the density of hydrogen except his 
third, fourth, and fifth series, the mean becomes 


O = 15.8991, + .00048. 


In either case Morley’s data vastly outweigh all others. ’ 


If oxygen and hydrogen were perfect gases, uniting by volume to form 
water exactly in the ratio of one to two, then the density of the first in 
terms of the second would also express its atomic weight. But in fact, 
the two gases vary from Boyle’s law in opposite directions, and the true 
composition of water by volume diverges from the theoretical ratio to a 
measurable extent. Hence, in order to deduce the atomic weight of 
oxygen from its density, a small correction must be applied to the latter, 
dependent upon the amount of this divergence. Until recently, our 
knowledge of the volumetric composition of water rested entirely upon 
the determinations made by Humboldt and Gay-Lussac* early in this 
century, which gave a ratio between H and O of a little less than 2:1, 
but their data need no farther consideration here. 

In 1887 Scott f published his first series of experiments, 21 in number, 
finding as the most probable result a value for the ratio of 1.994: 1. In 
March, 1888,{ he gave four more determinations, ranging from 1.9962 to 
1.998:1; and later in the same year§ another four, with values from 
1.995 to 2.001. In 1893, || however, by the use of improved apparatus, 
he was able to show that his previous work was vitiated by errors, and to 
give a series of measurements of far greater value. Of these, twelve were 
especially good, being made with hydrogen from palladium hydride, 
and with oxygen from silver oxide. In mean the value found is 
2.00245, + .00007, with a range from 2.0017 to 2.0030. 

In 1891 an elaborate paper by Morley 4] appeared, in which twenty 
concordant determinations of the volumetric ratio gave a mean value of 
2.00023, +- .000015. These measurements were made in eudiometer 
tubes, and were afterwards practically discarded by the author. In his 
later and larger paper, ** however, he redetermined the ratio from the 
density of the mixed electrolytic gases, and found it to be, after applying 
all corrections, 2.00274. The probable error, roughly estimated, is .00005. 
Morley also reduces Scott’s determinations, which were made at the tem- 
perature of the laboratory, to 0°, when the value becomes 2.00285. The 
mean value of both series may therefore be put at 2.0028, + .00004, with 
sufficient accuracy for present purposes. Leduc’s tf single determination, 





* Journ. de Phys., 60, 129. 

+ Proc. Roy. Soc., 42, 396. 

{ Nature, 37. 439. 

? British Assoc. Report, 1888, 631. 

| Proc. Roy. Soc., 53, 130. In full in Philosophical Transactions, 184, 543. 1893. 
§ Amer. Journ. Sci. (3), 46, 220, and 276. 

** Already cited with reference to syntheses of water. 

++ Compt. Rend., 115, 311. 1892. 
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based upon the density of the mixed gases obtained by the electrolysis 

of water, gave 2.0037; but Morley shows that some corrections were 

neglected. This determination, therefore, may be left out of account. 
Now, including all data, we have a mean value for the density ratio: 


(A.) H:O::1:15.8948, + .00048; 


or, omitting Morley’s rejected series, 


(B.) H:0O::1: 15.8991, + .00048. 


Correcting these by the volume ratio, 2.0028, + .00004, the final result 
for the atomic weight of oxygen as determined by gaseous densities 


becomes: 
EOMIM Ae ermictaac eels aeais sis O = 15.8726, + .00058 


at 
Hiromy 1) ter geroisavenysstrtasts oe O = 15.8769, + .00058 


Combining these with the result obtained from the syntheses of water, 
rejecting nothing, we have— 


By synthesis of water.............. O = 15.8837, -- .00026 
IByACaSeous, Gensitiesm se sere een nie © O = 15.8726, + .009058 
(Generaleniea nee iee O = 15.8821, + .00024 


If we reject Keiser’s work under the first heading, and omit Morley’s 
defective hydrogen series under the second, we get— 


By Symthesisjotiwatenyeme earns =. O = 15.8796, + .00027 
By, @aSeous) GensitieSs reise cree) oe ese O = 15.8769, + .00958 
Generalimcanser errr nasier O = 15.8794, + .00025 


Morley, discussing his own data, gets a final value of O = 15.8790, + 
.00026, a result sensibly identical with the second of the means given 
above. These results cannot be far from the truth; and accordingly, 
rounding off the last decimals, the value 


OE 5870) =. 0008) 
will be used in computation throughout this work. 
Notr.—A useful “short bibliography ” upon the composition of water, 


by T. C. Warrington, may be found in the Chemical News, vol. 73, pp. 
137, 145, 156, 170, and 184. 
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SILVER, POTASSIUM, SODIUM, CHLORINE, BROMINE, AND 
IODINE. 


The atomic weights of these six elements depend upon each other to 
so great an extent that they can hardly be considered independently. 
Indeed, chlorine, potassium, and silver have always been mutually de- 
termined. From the ratio between silver and chlorine, the ratio between 
silver and potassium chloride, and the composition of potassium chlo- 
rate, these three atomic weights were first accurately fixed. Similar 
ratios, more recently worked out by Stas and others, have rendered it 
desirable to include bromine, iodine, and sodium in the same general 
discussion. 

Several methods of determination will be left altogether out of account. 
For example, in 1842 Marignac* sought to fix the atomic weight of 
chlorine by estimating the quantity of water formed when hydrochloric 
acid gas is passed over heated oxide of copper. His results were wholly 
inaccurate, and need no further mention here. A little later Laurent f 
redetermined the same constant from the analysis of a chlorinated de- 
rivative of naphthalene. This method did not admit of extreme accu- 
racy, and it presupposed a knowledge of the atomic weight of carbon ; 
hence it may be properly disregarded. Maumené’s{ analyses of the 
oxalate and acetate of silver gave good results for the atomic weight of 
that metal; but they also depend for their value upon our knowledge of 
carbon, and will, therefore, be discussed farther on with reference to that 
element. Hardin’s§ work also, relating to the nitrate, acetate, and 
benzoate of silver, will be found in the chapters upon nitrogen and 
carbon. 

Let us now consider the ratios upon which we must rely for ascertain- 
ing the atomic weights of the six elements in question. After we have 
properly arranged our data we may then discuss their meaning. First 
in order we may conveniently take up the percentage of potassium chlo- 
ride obtainable from the chlorate. 

The first reliable series of experiments to determine this percentage 
was made by Berzelius.|| All the earlier estimations were vitiated by 
the fact that when potassium chlorate is ignited under ordinary cireum- 
stances a little solid material is mechanically carried away with the 
oxygen gas. Minute portions of the substance may even be actually 
volatilized. These sources of loss were avoided by Berzelius, who de- 
vised means for collecting and weighing this trace of potassium chloride. 





* Compt. Rend., 14,570. Also, Journ. f. Prakt. Chem., 26, 304. 
+Compt. Rend., 14, 456. Journ. f. Prakt. Chem., 26, 307. 
tAnn. d. Chim. et d. Phys. (3), 18, 41. 1846. 

2 Journ. Amer. Chem. Soc. 18, 990. 1896. 

| Poggend. Annalen, 8,1. 1826. 
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All the successors of Berzelius in this work have benefited by his exam- 
ple, although for the methods by which loss has been prevented we must 
refer to the original papers of the several investigators. In short, then, 
Berzelius ignited potassium chlorate, and determined the percentage of 
chloride which remained. Four experiments gave the following results : 

60,854 

60.850 

60,850 

60,851 





Mean, 60.851, ++ .0006 


The next series was made by Penny,* in England, who worked after 
a somewhat different method. He treated potassium chlorate with 
strong hydrochloric acid in a weighed flask, evaporated to dryness over 
a sand bath, and then found the weight of the chloride thus obtained. 
His results are as follows, in six trials: 
60.825 
60.822 
60.815 
60.820 
60.823 
60.830 





. Mean, 60.8225, + .0014 


In 1842 Pelouze + made three estimations by the ignition of the chlo- 
rate, with these results: 
. 60.843 
60.857 
60.830 





Mean, 60.843, + .0053 


Marigrac, in 1842,t worked with several different recrystallizations of 
the commercial chlorate. He ignited the salt, with the usual precau- 
tions for collecting the material carried off mechanically, and also exam- 
ined the gas which was evolved. He found that the oxygen from 50 
grammes of chlorate contained chlorine enough to form .003 gramme of 

-silver chloride. Here are the percentages found by Marignac: 


imechlorateromcerenystallized).5)-)4¢ 12/11 2.2-saistelneoee 60.845 

linge bloratevonceienystallized: cs stey.taie « o/scis cleus eaten 60.835 

inchloratestwicercnystallizedin, 7.0.2. - = sete . 60.833 

Hngchloratestwicercnystallizedi ear. o c).tcla<1s)-mieteyereielen ators 60.844 

In chlorate three times crystallized................-. 60.839 

Iniehlorate four, times crystallized. 9-2 5:/.s-5- 2-5" 60.839 
© 





Mean, 60.8392, + .0013 





* Phil. Transactions, 1839, p. 20. 
+ Compt. Rend., 15, 959. 
t Ann. d. Chem. u. Pharm., 44, 18. 
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In the same paper Marignace describes a similar series of experiments 
made upon potassium perchlorate, KC1O,. In three experiments it was 
found that the salt was not quite free from chlorate, and in three more 
it contained traces of iron. A single determination upon very pure 
material gave 46.187 per cent. of oxygen and 55.818 of residue. 

In 1845 two series of experiments were published by Gerhardt.* The 
first, made in the usual way, gave these results: 


60.871 
60.881 
60,875 





Mean, 60.8757, -- .0020 


In the second series the oxygen was passed through a weighed tube 
containing moist cotton, and another filled with pumice stone and sul- 
phuriec acid. Particles were thus collected which in the earlier series 
escaped. From these experiments we get— 


60.947 


60.947 
60.952 


Mean, 60.9487, + .OOII 





These last results were afterwards sharply criticised by Marignac,t 
and their value seriously questioned. 

The next series, in order of time, is due to Maumené.{ This chemist 
supposed that particles of chlorate, mechanically carried away, might 
continue to exist as chlorate, undecomposed ; and hence that all previous 
series of experiments might give too high a value to the residual chloride. 
In his determinations, therefore, the ignition tube, after expulsion of the 
oxygen, was uniformly heated in all its parts. Here are his percentages 


of residue: 

60.788 

60.790 

60.793 

60.791 

60.785 

60.795 

60.795 : 





Mean, 60.791, + .0009 


The question which most naturally arises in connection with these re- 
sults is, whether portions of chloride may not have been volatilized, and 
so lost. _ 








* Compt. Rend., 21, 1280. 
} Supp. Bibl. Univ. de Genéve, Vol. I. 
t Ann. d. Chim. et d. Phys. (3), 18, 71. 1846. 
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Closely following Maumené’s paper, there is a short note by Faget,* 
giving certain mean results. According to this chemist, when potassium 
chlorate is ignited slowly, we get 60.847 per cent. of residue. When the 
ignition is rapid, we get 60.942. As no detailed experiments are given, 
these figures can have no part in our discussion. 

Last of all we have two series determined by Stas.t In the first series 
are the results obtained by igniting the chlorate. In the second series 
the chlorate was reduced by strong hydrochloric acid, after the method 
followed by Penny: 

First Series. 
60,8380 
60.8395 
60,8440 
60.8473 
60.8450 


Mean, 60.84276, + .0012 


Second Series. 
60.850 
60.853 
60.844 





Mean, 60.849, + .0017 


In these experiments every conceivable precaution was taken to avoid 
error and insure accuracy. All weighings were reduced to a vacuum 
standard; from 70 to 142 grammes of chlorate were used in each experi- 
ment; and the chlorine carried away with the oxygen in the first series 
was absorbed by finely divided silver and estimated. It is difficult to 
see how any error could have occurred. 

Now, to combine these different series of experiments. 


AGUS, Wien WES, 55 ooen os aboonueoas 60.851, -+ .0006 
Penny, 8 epee age, Schauser iets 60,8225, + .0014 
Pelouze, EI Sy ra as Sch j kaneis 60.8435 + .0053 
Marignac, SOs) BRET ae Oe Se 60.8392, - .00T3 
(Gerhardt Stamnes we rec yolnensrs wera oe 60.8757, -_ .0020 
ws 2 NR fay FES es. char ars toc Seaton 60.9487, + .ooII 
Maumeneé, HS ROR EG Se paint .. 60.791, = .0009 
Stas, Ist Bem ment ade re sgh na sieuatens corms te 60.8428, + .oor2 
Se 2c SOE Core sie sce eee tte 60.849, .- .0017 
General mean from all nine series, 
representing forty experiments..... 60,846, + .00038 


This value is exactly that which Stas deduced from both of his own 
series combined, and gives great emphasis to his wonderfully accurate 





* Ann. d. Chim. et d. Phys. (3), 18, 80. 1846. 
+See Aronstein’s translation, p. 249. 
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work. It also finely illustrates the compensation of errors which occurs 
in combining the figures of different experimenters. 

Similar analyses of sitver chlorate have been made by Marignac and 
by Stas. Marignac’s data are as follows:* The third column gives the 
percentage of O in AgClO,: 


24.510 grm. AgClO, gave 18.3616 AgCl. 25.103 
25.809 ee OuaG inn ae 25.086 
30. 306 a 227 Op 2 25.074 
28.358 oe 2E2A G3 eos 25.082 
28.287 eS Aibsi tena 25 elite 
57.170 zs 42,8366 ‘ 25.072 





Mean, 25.088, + .0044 


Stas + found the following percentages in two experiments only: 


25.081 
25.078 





Mean, 25.0795, + .oolo 


Combined with Marignac’s mean this gives a general mean of 25,080, 
+ .0010; that is, Marignac’s series practically vanishes. 

For the direct ratio between silver and chlorine there are seven avail- 
able series of experiments. Here, as in many other ratios, the first reliable 
work was done by Berzelius. { 

He made three estimations, using each time twenty grammes of pure 
silver. This was dissolved in nitric acid. In the first experiment the 
silver chloride was precipitated and collected on a filter. In the second 
and third experiments the solution was mixed with hydrochloric acid 
in a flask, evaporated to dryness, and the residue then fused and weighed 
without transfer. One hundred parts of silver formed of chloride : 


132.700 
132.780 
132.790 





Mean, 132.757, + .o19 


Turner’s work § closely resembles that of Berzelius. Silver was dis- 
solved in nitric acid and precipitated as chloride. In experiments one, 
two, and three the mixture was evaporated and the residue fused. In 
experiment four the chloride was collected on a filter. A fifth experi’ 
ment was made, but has been rejected as worthless. 

The results were as follows: In a third column I put the quantity of 
AgCl proportional to 100 parts of Ag. 





* Bibl. Univ. de Genéve, 46, 356. 1843. 

} Aronstein’s translation, p. 214. 

{ Thomson’s Annals of Philosophy, 1820, v. 15, 89. 
2 Phil. Transactions, 1829, 291. 
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28.407 grains Ag gave 37.737 AgCl. 132.844 
41.917 5 55.678“ 132.829 
40.006 a Bae lag s° 132.837 
30.922 es AT.O70) =< 132.818 





Mean, 132.832, -- .0038 


The same general method of dissolving silver in nitric acid, precipi- 
tating, evaporating, and fusing without transfer of material was also 
adopted by Penny.* His results for 100 parts of silver are as follows, in 
parts of chloride: 

132.836 
132.840 
132.830 
132.840 
132.840 
132.830 
132,838 





Mean, 132.8363, + .0o012 


In 1842 Marignac ft found that 100 parts of silver formed 132.74 of 
chloride, but gave no available details. Later, { in another series of de- 
terminations, he is more explicit, and gives the following data. The 
weighings were reduced to a vacuum standard: 


79.853 grm. Ag gave 106.080 AgCl, Ratio, 132.844 
69.905 “ 92.864 ‘ 132.843 
64.905 as 86.210 ‘‘ 132.825 
92.362 se 12230030 ace 132.839 
99.653 3 132.383‘ 132.844 





Mean, 132.839, + .0024 


The above series all represent the synthesis of silver chloride. Mau- 
mené § made analyses of the compound, reducing it to metal in a current 
of hydrogen. His experiments make 100 parts of silver equivalent to 
chloride : 

132.734 
132.754 
132.724 
132.729 
132.741 


Mean, 132.7364, - .0077 





By Dumas || we have the following estimations : 


9.954 Ag gave 13.227 AgCl. Ratio, 132.882 
19.976 ey 2 OAS 42 os 132.869 





Mean, 132.8755, + .0044 





*Phil. Transactions, 1839, 28. 

yAnn. Chem. Pharm., 44, 21. 

{See Berzelius’ Lehrbuch, 5th Ed., Vol. 3, pp. 1192, 1193. 
t Ann. d. Chim. et d. Phys. (3), 18, 49. 1846. 

| Ann. Chem. Pharm., 113, 21. 1860. 
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Finally, there are seven determinations by Stas,* made with his usual 
accuracy and with every precaution against error. In the first, second, 
and third, silver was heated in chlorine gas, and the synthesis of silver 
chloride thus effected directly. In the fourth and.fifth silver was dis- 
solved in nitric acid, and the chloride thrown down by passing hydro- 
chloric acid gas over the surface of the solution. The whole was then 
evaporated in the same vessel, and the chloride fused, first in an atmos- 
phere of hydrochloric acid, and then in a stream of air. The sixth syn- 
thesis was similar to these, only the nitric solution was precipitated by 
hydrochloric acid in slight excess, and the chloride thrown down was 
washed by repeated decantation. All the decanted liquids were after- 
wards evaporated to dryness, and the trace of chloride thus recovered 
was estimated in addition to the main mass. The latter was fused in an 
atmosphere of HCl. The seventh experiment was like the sixth, only 
ammonium chloride was used instead of hydrochloric acid. From 98.3 
to 399.7 grammes of silver were used in each experiment, the operations 
were performed chiefly in the dark, and all weighings were reduced to 
vacuum. In every case the chloride obtained was beautifully white. 
The following are the results in chloride for 100 of silver: 


7 132.841 
132.843 
132.843 
132.849 
132.846 
132.848 
122.8417 


Mean, 132.8445, - .0008 





We may now combine the means of these seven series, representing in 
all thirty-three experiments. One hundred parts of silver are equivalent 
to chlorine, as follows: 


Berg eluSi tea cake eta aia eee EE OU el ce 32.757, - .O190 
MIME EL ice aic i cteees ere ae een eI ee or a 32.832, = .0038 
Penny kano icc ee eee eR ee RP ee Salar 32.8363, + .0012 
IMianignacs jie csacc.cos since a ARO arora 32.839, - .0024 
Mialuintenéeyen eae SELMER | EAPO Scion ts: 322.7364, += .0077 
ID WIM ASE 0-02, shoycpa ates he LUE Norte eereee eet Oe 32.8755, + .0044 
StaSis cites sesh pn ois Ete ke een een 32.8445, + .0008 

CENA WIEN, padcecadoordsdocoat 32.8418, + .0006 


Here, again, we have a fine example of the evident compensation of 
errors among different series of experiments. We have also another 
tribute to the accuracy of Stas, since this general mean varies from the 
mean of his results only within the limits of his own variations. 





* Aronstein’s translation, p. 171. 
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The ratio between silver and potassium chloride, or, in other words, 
the weight of silver in nitric acid solution which can be precipitated by 
a known weight of KCl, has been fixed by Marignae and by Stas. Ma- 
rignac,* reducing all weighings to vacuum, obtained these results. In 
the third column I give the weight of KCl proportional to 100 parts 
of Ag: 


4.7238 grm, Ag = 3.2626 KCI. 69.067 
22.725 ae 15.001 ut 69.050 
21.759 ee MSEOZ Ou | o 69.066 
21.909 e 15.131 e 69.063 
22.032 aussi) 38° 69.063 
25.122 Ss WEBS OM en 69.063 





Mean, 69.062, + 0017 


The work of Stas falls into several series, widely separated in point of 
time. His earlier experimentst upon this ratio may be divided into 
two sets, as follows: In the first set the silver was slightly impure, but 
the impurity was of known quantity, and corrections could therefore be 
applied. In the second series pure silver was employed. The potassium 
chloride was from, several different sources, and in every case was puri- 
fied with the utmost care. From 10.8 to 32.4 grammes of silver were 
taken in each experiment, and the weighings were reduced to vacuum. 
The method of operation was, in brief, as follows: A definite weight of 
potassium chloride was taken, and the exact quantity of silver necessary, 
according to Prout’s hypothesis, to balance it was also weighed out. The 
metal, with suitable precautions, was dissolved in nitric acid, and the 
solution mixed with that of the chloride. After double decomposition 
the trifling excess of ‘silver remaining in the liquid was determined by 
titration with a normal solution of potassium chloride. One hundred 
parts of silver required the following of KCl: 

First Series. 
69.105 
69.104 
69.103 
69.104 
69. 102 





Mean, 69.1036, + .0003 


: Second Series. 
69.105 
69.099 
69.107 
69.103 
69.103 
69.105 
69. 104. 





* See Berzelius’ Lehrbuch, 5th Ed., Vol. 3, pp. 1192-3. 
+ Aronstein’s translation, pp. 250-257. 
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69.099 
69.1034 
69.104 
69.103 
69.102 
69.104 
69. 104 
69.105 
69.103 
69.101 
69.105 
69.103 





Mean, 69.1033, - .0003 


In these determinations Stas did not take into account the slight solu- 
bility of precipitated silver chloride in the menstrua employed in the 
experiments. Accordingly, in 1882* he published a new series, in which 
by two methods he remeasured the ratio, guarding against the indicated 
error, and finding the following values: 

69.1198 
69.11965 
69.121 
69.123 





Mean, 69.1209, + .0003 


Corrected for a minute trace of silica contained in the potassium 
chloride, this mean becomes 


69.11903, -+ .0003.f 


Still later, in order to establish the absolute constancy of the ratio in 
question, Stas made yet another series of determinations,{ in which he 
employed potassium chloride prepared from four different sources. 
One lot of silver was used throughout. The values obtained were as 
follows: 

69.1227 
69.1236 
69.1234 
69.1244 
69.1235 
69.1228 
69,1222 
69.1211 
69.1219 
69.1249 
69.1238 
69.1225 
69.1211 





* Mémoires Acad. Roy. de Belge, t. 43. 1882. 
+See Van der Plaats, Ann. Chim. Phys. (6), 7, 15. 
ft Oeuvres Posthumes, edited by W. Spring. 
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A series was also begun in which one sample of potassium chloride 
was to be balanced against silver from various sources, but only one 
result is given, namely, 69.1240. This, with the previous series, gives a 
mean of 69.1230, + .0002. 

Five series of determinations are now at hand for the ratio Ag : KCl. 
They combine as follows : 


Wiel OMalCh estes eysvtnrcteeaeeverincls eS ores anes 69.062, - .OO17 
Slasenst Senlesia eraie aN hires et Ss se ... 69.1036, + .0003 
seralte 2 CLMMnenG eae Te Steen Ges maaRaae n 28 lA 69.1033, += .0003 
sed 3 UCI rete fons GieMensl asi ected ysis aH ie 69.1190, + .0003 
eon A CW ca riety hayes chalcites icine sto ctm <0) 69.1230, + .0002 
Generalemeamereerny ieee stretsielet ore’ 69.1143, -: .00013 


The difference between the highest and the lowest of Stas’ series cor- 
responds to a difference of 0.021 in the atomic weight of potassium. The 
rejection of the earlier work might be quite justifiable, but would exert 
a very slight influence upon our final result. 


The quantity of silver chloride which can be formed from a known 
weight of potassium chloride has also been determined by Berzelius, 
Marignac and Maumené. Berzelius* found that 100 parts of KCl were 
equivalent to 194.2 of AgCl; a value which, corrected for weighings in 
air, becomes 192.32. This experiment will not be included in our dis- 
cussion. 

In 1842 Marignacft published two determinations, with these results 
from 100 KCl: 

192.33 
192.34 





Mean, corrected for weighing in air, 192.26, + .003 


In 1846 Marignact{ published another set of results, as follows. The 
weighings were reduced to vacuum. The usual ratio is in the third 
column : 


17.034 grm, KCl gave 32.761 AgCl. 192.327 
- 14.427 : 27-749 “ 192.341 
15.028 cs Devoe) 80 192.374 
15.131 mi ZOSTO2) 192.334 
15.216 2ONZ 7M ee ie 192.370 





Mean, 192.349, + .006 


Three estimations of the same ratio were also made by Maumené§ as 
follows : 





* Poggend. Annal., 8,1. 1826. 

f Ann. Chem. Pharm., 44, 21, 1842. 

{ Berzelius’ Lehrbuch, 5th Ed., Vol. 3, pp. 1192, 1193. 
gAnn. d. Chim. et d. Phys. (3), 18, 41. 1846. 


44 THE ATOMIC WEIGHTS. 


10.700 grm. KCl gave 20.627 AgCl, 192.776 
10.5195 « ZOW Tae ase 192.716 
8.587 +f NOMS G Ome. 192.803 





Mean, 192.765, + .OI7 


The three series of ten experiments in all foot up thus: 


MiarionacitGActn ts skye sae wernt Een toa 192.260, + .003 | 
sc TOA OMe ene eee Re Or ee 192.349, -- .006 
IMI euU ett Cae aire, Ar es eae een ON hed cull 192 765, + .O17 
(Generalismn caine ery aeyner errs one 192.294, + .0029 


These figures show clearly that the ratio which they represent is not 
of very high importance. It might be rejected altogether without im- 
propriety, and is only retained for the sake of completeness. It will 
obviously receive but little weight in our final discussion. 


In estimating the atomic weight of bromine the earlier experiments of 
Balard, Berzelius, Liebig, and Lowig may all be rejected. Their results 
were all far too low, probably because chlorine was present as an im- 
purity in the materials employed. Wallace’s determinations, based upon 
the analysis of arsenic tribromide, are tolerably good, but need not be 
considered here. In the present state of our knowledge, Wallace’s 
analyses are better fitted for fixing the atomic weight of arsenic, and 
will, therefore, be discussed with reference to that element. 

The ratios with which we now have to deal are closely similar to those 
involving chlorine. In the first place, there are the analyses of silver 
bromate by Stas.* In two careful experiments he found in this salt the 
following percentages of oxygen: 


20.351 
20.347 





Mean, 20.349, - .0014 


There are also four analyses of potassium bromate by Marignac.t The 
salt was heated, and the percentage loss of oxygen determined. Thé 
residual bromide was feebly alkaline. We cannot place much reliance 
upon this series. The results are as follows: 


28.7016 
28.6496 
28.6050 
28.7460 





Mean, 28.6755, - .0207 





* Aronstein’s translation, pp. 200-206. 
+See E. Mulder’s Overzigt, p. 117; or Berzelius’ Jahresbericht, 24, 72. 
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When silver bromide is heated in chlorine gas, silver chloride is formed. 
In 1860 Dumas* employed ‘this method for estimating the atomic weight 
of bromine. His results are as follows. Inthe third column I give the 
weight of AgBr equivalent to 100 parts of AgCl: 


2.028 grm, AgBr gave 1.547 AgCl. 131.092 
4.237 \ 3235. “ 130.974 
5.769 ArAo3z, <° 131.024 





Mean, 131.030, + .023 


This series is evidently of but little value. 

The two ratios upon which, in connection with Stas’ analyses of 
silver bromate, the atomic weight of bromine chiefly depends, are those 
which connect silver with the latter element directly and silver with 
potassium bromide. 

Marignac,} to effect the synthesis of silver bromide, dissolved the 
metal in nitric acid, precipitated the solution with potassium bromide, 
washed, dried, fused, and weighed the product. The following quanti- 
ties of bromine were found proportional to 100 parts of silver: 


74.072 
74-055 
74.066 





Mean, reduced to a vacuum standard, 74.077, + .003 


Much more elaborate determinations of this ratio are due to Stas. 
In one experiment a known weight of silver was converted into nitrate, 
and precipitated in the same vessel by pure hydrobromic acid. The 
resulting bromide was washed thoroughly, dried, and weighed. In four 
other estimations the silver was converted into sulphate. Thena known 
quantity of pure bromine, as nearly as possible the exact amount neces- 
sary to precipitate the silver, was transformed into hydrobromice acid. 
This was added to the dilute solution of the sulphate, and, after precip- 
itation was complete, the minute trace of an excess of silver in the clear 
supernatant fluid was determined. All weighings were reduced to a 
vacuum. From these experiments, taking both series as one, we get 
the following quantities of bromine corresponding to 100 parts of silver: 


74.0830 





74.0790 
74.0795 
74.0805 
74.0830 





Mean, 74.081, -- .0006 





*Ann. Chem. Pharm., 113, 20. 
+E. Mulder’s Overzigt, p. 116. Berzelius’ Jahresbericht, 24, 72. 
t Aronstein’s translation, pp. 154-170. 
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In his paper on the atomic weight of cadmium,* Huntington gives 
three syntheses and three analyses of silver bromide, The data are as 
follows, with the usual ratio given in the last column: 


1.4852 grm. Ag gave 2.5855 AgBr. 74.084 
1.4080 | eS eA Ounce 74.077 
1.4449 = 2.5150 “ 74.060 
4.1450 grm. AgBr gave 2.3817 Ag. 74.035 
1.8172 “ TOA Ines 74.111 
4.9601 es 2RSt orm 74.057 





Mean, 74.071, + .0072 


Similar synthetic data are also-given by Richards, incidentally to his 
work on copper.} There are two sets of three experiments each, which 
can here be treated as one series, thus: 


1.11235 grm. Ag gave 1.93630 AgBr. 74.073 
1.57620 & 2.74335 °-*! 74.044 
2.16670 ‘4 Seu Ou tee 74.076 
.9064 ss 1.68205 ‘‘ 74.053 
.9645 as THOWSON ie 74.069 
-9639 Se Renn Ac 74.074 





Mean, 74.065, + .0035 


Another set of data by Richards appears in his research upon the 
atomic weight of barium; in which BaBr, was balanced against silver, 
and the AgBr was also weighed. ibnards gives from these data the 
percentage of Ag in AgBr, which figures are easily restated 1 in the usual 
form as follows: 


Percentage. Ratio. 


57.460 74.034 
57-455 74-049 
57-447 14.973 
57-445 74.074 
57.448 74.070 
57-442 74.089 
57-451 74.061 
57-455 74.049 
57-443 74-086 
57-445 74.074 
57-445 74.074 





Mean, 74.067, + .0034 


The same ratio can also be computed indirectly from Cooke’s experi- 
ments upon SbBr,, Huntington’s on. CdBr,, Thorpe’s on TiBr, and 
2 
* Proce. Amer. Acad., 1881. 
t Proc. Amer. Acad., 25, pp. 199, 210, 211. 1890. 
{ Proc. Amer, Acad., vol. 28. 1893. 


SILVER, POTASSIUM, ETC. 47 


Thorpe and Laurie’s on gold. The values so obtained all confirm the 
results already given, varying within their limits, but having probable 
errors so high that their use would not affect the final mean. The latter 
is obtained as follows: 


Marionacaanes ints sce Pc tepeilte t= aa a Roe 74.077, + .0030 
Stas Meee eynern raters Sera Teneo alidoisre a dielsloneee 74.081, -- .0006 
ELUNE StOMPEMT te ater P tele cotta cle eisai ces alone 74.071, + .0072 
Te DAE GS ESEISERES gore cer soe acs 5 a0! s Sa anet 74.065, + .0035 
NE 2 Ce Mera ARR ROE Sys 2 telncc Edie occ 74.067, -- .0034 
Generalemeans arene aa es s.r 74.080, + .00057 


In this case again, as in so many others, Stas’ work alone appears at 
the end, the remaining data having only corroborative value. 

The ratio between silver and potassium bromide was first accurately 
determined by Marignac.* I give, with his weighings, the quantity of 
KBr proportional to 100 parts of Ag: j 


2aTQieoum eA Ost. Oh Teena IT0.324 
2.559 2°22 ence 110,316 
2.447 . 2.700 * 110.339 
3.025 £ Beisio) GC 110.283 
3-946 Me AB 5308 I10.314 
11.569 se He oy O° I10,321 
20.120 s 220i << 110.293 





Mean, corrected for weighing in air, 110.343, -- .005 


Stas,t working in essentially the same manner as when he fixed the 
ratio between potassium chloride and silver, obtained the following 
results : 

TIO, 361 
110.360 
I10, 360 
T10. 342 
110.346 
110.338 
110,360 
T10.33 
TIO. 344. 
T10, 
IIo. 
IIo, 
1ELOF 
TIO. 


Go W OH Oo 
wm Ww 
f “IT Go 


>} 


% 
o 
Un 


> 








Mean, 110.3463, + .0020 


Combining this with Marignac’s mean result, 110.543, + .005, we get 
a general mean of 110.8459, + .0019. 











* Berzelius’ Jahresbericht, 24, 72. 
} Aronstein’s translation, pp. 334-347. 
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The ratios upon which we must depend for the atomic weight of 
iodine are exactly parallel to those used for the determination of bromine. 

To begin with, the percentage of oxygen in potassium iodate has been 
determined by Millon.* In three experiments he found: 


22.46 
22.49 
22.47 





Mean, 22.473, -+ .005 


Millon also estimated the oxygen in silver iodate, getting the follow- 
ing percentages : 
17.05 


17.03 
17.06 





Mean, 17.047, + .005 


The analysis of silver iodate has also been performed with extreme 
care by Stas. From 76 to 157 grammes were used in each experiment, 
the weights being reduced to a vacuum standard. As the salt could not 
be prepared in an absolutely anhydrous condition, the water expelled in 
each analysis was accurately estimated and the necessary corrections ap- 
plied. In two of the experiments the iodate was decomposed by heat, 
and the oxygen given off was fixed upon a weighed quantity of copper 
heated to redness. Thus the actual weights, both of the oxygen and the 
residual iodide, were obtained. In a third experiment the iodate was 
reduced to iodide by a solution of sulphurous acid, and the oxygen was 
estimated only by difference. In the three percentages of oxygen given 
below, the result of this analysis comes last. The figures for oxygen are 
as follows: 

16.976 
16.972 
16,9761 





Mean, 16.9747, -+ .0009 


This, combined with Millon’s series above cited, gives us a general 
mean of 16.9771, + .0009. 

The ratio between silver and potassium iodide seems to have been de- 
termined only by Marignac,{ and without remarkable accuracy. In five 
experiments 100 parts of silver were found equivalent to potassium iodide 
as follows: 

# Ann. Chim. Phys. (3), 9, 400. 1843. 


+ Aronstein’s translation, pp. 179-200. 
t Berzelius’ Lehrbuch, 5th ed., 3, 1196. 
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1.616 grm, Ag = 2,483 KI. Ratio, 153.651 
2.503 ss 3.040 “ ATS AO05 
Bete ss ez0On. Se NGS .720 
2.141 se BE200 se SSS 667 
10.821 io 16,642 ‘‘ 1533704: 





Mean, 153.6994, + .0178 


The synthesis of silver iodide has been effected by both Marignac and 
Stas. Marignac, in the paper above cited, gives these weighings. In the 
last column I add the ratio between iodine and 100 parts of silver: 


15.000 grm. Ag gave 31.625 AglI. 117.500 
14.790 . 32,170 * 117.512 
18.545 i 40.339 “ 117.519 


Mean, corrected for weighing in air, 117.5335, - .0036 





Stas * in his experiments worked after two methods, which gave, how- 
ever, results concordant with each other and with those of Marignac. 

In the first series of experiments Stas converted a known weight of 
silver into nitrate, and then precipitated with pure hydriodicacid. The 
iodide thus thrown down was washed, dried,and weighed without trans- 
fer. By this method 100 parts of silver were found to require of iodine: 

117.529 
117.536 


Mean, 117.5325, + .0024 





In the second series a complete synthesis of silver iodide from known 
weights of iodine and metal was performed. The iodine was dissolved 
in asolution of ammonium sulphite, and thus converted into ammonium 
iodide. The silver was transformed into sulphate and the two solutions 
were mixed. When the precipitate of silver iodide was completely de- 
posited the supernatant liquid was titrated for the trifling excess of iodine 
which it always contained. As the two elements were weighed out in the 
ratio of 127 to 108, while the atomic weight of iodine is probably a Little 
under 127, this excess is easily explained. From these experiments two 
sets of values were deduced; one from the weights of silver and iodine 
actually employed, the other from the quantity of iodide of silver col- 
lected. From the first set we have of iodine for 100 parts of silver: 


117.5390 
117.5380 
117.5318 
117.5430 
117.5420 
117.5300 


Mean, 117.5373, - .OO15 








* Aronstein’s translation, pp. 136, 152. 
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From the weight of silver iodide actually collected we get as follows. 


For experiment number three in the above column there is no equivalent 
here: 
117.529 
117.531 
117.539 
117.538 
3 117.530 





Mean, 117.5334, ++ .0014 


Now, combining these several sets of results, we have the following 
general mean: 


Mani OMAGH, carci nts charter noe erawer Raerntn 117.5335, - .0036 
Stas, USt SCrles. ea. citaaipecnseree crn iceeel cies 117.5325, - .0024 
NCD Le nS Ue Noes Seiya eect ROR CEC TOR RATE ORONO ERS Te MVS Sie SOO 
See ee ca a ite eRe or Ia 117.5334, + .0014 
Generallum canleepmremeree resto eee 7534520009 


One other comparatively unimportant iodine ratio remains for us to 
notice. Silver iodide, heated in a stream of chlorine, becomes converted 
into chloride; and the ratio between these two salts has been thus deter- 
mined by Berzelius and by Dumas. 

From Berzelius* we have the following data. In the third column I 
give the ratio between AgI and 100 parts of AgCl: 

5.000 grm. AgI gave 3.062 AgCl. 163 292 
12.212 ie TAT 550 |: 163.360 





Mean, 163.326, + .023 


Dumas’ } results were as follows: 


3.520 grm. AgI gave 2.149 AgCl., 163.793 
7.011 i Avo Siow is 163.770 





Mean, 163.782, -- .008 
General mean from the combination of both series, 163.733, + .0076. 


For sodium there are but four ratios of any value for present purposes. 

The early work of Berzelius we may disregard entirely, and confine 
ourselves to the consideration of the results obtained by Penny, Pelouze, 
Dumas, and.Stas, together with a single ratio measured incidentally by 
Ramsay and Aston. 

The percentage of oxygen in sodium chlorate has been determined 
only by Penny{, who used the same method which he applied to the 
potassium salt. Four experiments gave the following results : 


* Ann. Chim. Phys. (2), 40, 430. 1829. 
+ Ann. Chem. Pharm., 113, 28. 1860. 
{ Phil. Transactions, 1839, p. 25. 
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45.060 
45.075 
45.080 
45.067 





Mean, 45.0705, + .0029. 


The ratio between silver and sodium chloride has been fixed by Pe- 
' louze, Dumas, and Stas. Pelouze* dissolved a weighed quantity of silver 
in nitric acid, and then titrated with sodium chloride. Equivalent to 
100 parts of silver he found of chloride: 


54.158 
54.125 
54.139 





Mean, 54.141, + .0063 


By Dumas 7 we have seven experiments, with results as follows. The 
third column gives the ratio between 100 of silver and NaCl: 


2.0535 grm. NaCl— 3.788 grm. Ag. 54.211 
2.169 es 4.0095 ‘“ 54.097 
4.3554 “ 8.0425 “ 54.155 
6.509 ae T2040 ee 54.178 
6.413 ie 11.8375“ 54.175 
2.1746 S 4.012 i 54.202 
5-113 vi 9.434 a 54.187 





Mean, 54.172, -—- .0096 


Stas.t applying the method used in establishing the similar ratio for 
potassium chloride, and working with salt from six different sources, 
found of sodium chloride equivalent to 100 parts of silver: 


54.2093 
54.2088 
54.2070 
54.2070 
54.2070 
54.2060 
54.2076 
54.2081 
54.2083 
54.2089 


Mean, 54.2078, + .0002 





As in the case of the corresponding ratio for potassium chloride, these 
data needed to be checked by others which took into account the solu- 





* Compt. Rend., 20, 1047. 1845. 
7 Ann. Chem. Pharm., 113, 31. 1860. 
t Aronstein’s translation, p. 274. 
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bility of silver chloride. Such data are given in Stas’ paper of 1882,* 
and four results are as follows: 


54.2065 
54.20676 
54.2091 
54-2054 





Mean, 54.20694, + .00045 


Corrected for a trace of silica in the sodium chloride, this mean becomes 
54.2046, + .00045.F Combining all four series, we have for the NaCl 
equivalent to 100 parts of Ag— 


Pelouze ss. '. Soemiesc Ree eI ee 54.141, - .0063 
TD UM AS Sood, ckerereeve tele M ECP oe ore? 54.172, — .0096 
Stas hearlySeries: 2 sm se eRe Ria ates: 54.2078, + .0002 
Stas-rlate: wl oo". eee renee clare Ae 54.2046, + .00045 
General §meanteeer reesei 54.2071, + .00018 


Here the work of Stas is of such superior excellence that the other de- 
terminations might be completely rejected without appreciably affecting 
our final results. 

In their research upon the atomic weight of boron, Ramsay and Aston ¢ 
converted borax into sodium chloride. In the latter the chlorine was 
afterwards estimated gravimetrically by weighing as silver chloride on a 
Gooch filter. Hence the ratio, AgCl: NaCl: : 100: 2, as follows: 


3.0761 grm. NaCl gave 7.5259 AgCl. Ratio, 40,874 
2.7700 a 6.7794 “ «40.859 
2.8930 oe 7.0804 ‘“ See a4O3S50 
2.7360 fe 6.6960 ‘* «« 40.860 
1.9187 es 4.6931 ‘* << 40.863 





Mean, 40.867, + .0033 


Finally, for the ratios between silver and sodium bromide we have one 
set of measurements by Stas.§ The bromide was prepared by saturating 
Na,CO, with HBr. The NaBr proportional to 100 parts of silver was— 


95.4420 
95.4383 
95.4426 
95-4392 





Mean, 95.4405, + .0007 


We have now before us the data for computing, with greater or less 
accuracy, the atomic weights of the six elements under discussion. In 





* Mémoires Acad. Roy. de Belge., 43. 1882. 

+ See Van der Plaats, Ann. Chim. Phys. (6), 7, 16. 1886. 
{ Chem. News, 66, 92. 1892. 

? Mémoires Acad. Roy. Belge., 43. 1882. 
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all there are nineteen ratios, involving about two hundred and fifty 
separate experiments. These ratios may now be tabulated and num- 
bered for reference, it being understood that the probable error in each 
case is that of the last term in the proportion. 


f 


(1.) Percentage of O in ClO eae 39.154, -E .00038 
(2.) if 8 FOBEO 28.6755, + .0207 
(3-) f ss IOs eerie 22.473, = .0050 
(4.) “ : INACIOn Fan. 45.0705, + .0029 
(5.) s et Ag Glow. cis: 25.080, - .oo1O 
(6.) as AGBrOs te 6; 20.349, + .0014 
(75) t es RealOne. fen. 16.9771, -: .0009 


(8.) Ag: NaCl: : 100: 54.2071, + .o0018 


(9.) Ag: NaBr: : 100 : 95.4405, + .0007 
(10.) Ag: KCl:: 100: 69.1143, + .00013 
(11.) Ag: KBr: : 100: 110.3459, + .0019 
(12:) Ag: KI: ; 100. 7.153-6904, = .o178 
(13.)) Ag: El 7: 100 ; 32.8418, += .0006 


(14.) Ag: Br: : 100: 74.080, + .00057 
(15.) Ag: 1: : 100: 117.5345, - .0009 
(16.) AgCl : NaCl: : 100: 40.867, + .0033 
(17-) Kl? AgCl: : reo: 192.294, 3=).0029 
(18.) AgCl: AgBr: : 100: 131.030, + .023 
(19.) AgCl: Agl: : 100: 163.733, + .0076 


Now, from ratios 1 to 7, inclusive, we can at once, by applying the 
known atomic weight of oxygen, deduce the molecular weights of seven 
haloid salts. Let us consider the first calculation somewhat in detail. 

Potassium chlorate yields 39.154 per cent. of oxygen and 60.846 per 
cent. of residual chloride. For each of these quantities the probable 
error is + .00038. The atomic weight of oxygen is 15.879, + .0003, so 
that the value for three atoms becomes 47.637, + .0009. We have now 
the following simple proportion : 


39.154 : 60.846 : : 47.637 : x, 


whence the molecular weight of potassium chloride becomes = 74.029. 

The probable error being known for the first, second, and third term 
of this proportion, we can easily find that of the fourth term by the 
formula given in our introduction. It is + .0073. By this method we 
obtain the following series of values, which may conveniently be num- 
bered consecutively with the foregoing ratios: 


(20) KG]; from (1) = 74.020, 3= .0073 
(21) KBr, nl(2) aD Se4 oat OO22 
(22) ekalr son (8) ROAR a7 O02 82 
(23) NaCl, ‘* (4) = 58.057, + .oo50 
(24) AgCl, ‘* (5) = 142.303, - .0066 
(25) AgBr, “ (6) = 186.463, += .0137 
(26) AgI, ‘ (7) = 232.959, + .0134 
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With the help of these molecular weights, we are now able to com- 
pute seven independent values for the atomic weight of silver. 


First,’ from! (10) "and (0) reas Ag = 107.111, + .0106 
Seconds, (5 9 (0) <(on) sn eee ““ = 107.378, + (0837 
Thirds (28° si(12), ot" an(22) eens "== 100, 021p 102/715 
iO Wirth say igs (70) aecan (2:3) Serena “* — JT07.102, + .0092 
Fifth, ee ol DSN yaaa cin cee - =107.122)=— coa5e 
Sixth, SSCS (TA) ane ar (22'S) ny ee eae ‘© == 107.113, == .0079 
Deventehy: (5) (Gr5 eco. 20)e a omer ‘5 107.001) = 0002 

Generalimeana sane eeeeee Ag = 107.108, + .0031 


It is noticeable that five of these values agree very well. The second 
and third, however, diverge widely from the average, but in opposite 
directions; they have, moreover, high probable errors,and consequently 
little weight. Of these two, one represents little and the other none of 
Stas’ work. Their trifling influence upon our final results becomes 
curiously apparent in the series of silver values given a little further 
along. 

When we consider closely, in all of its bearings, any one of the values 
just given, we shall see that for certain purposes it must be excluded 
from our general mean. For example, the first is derived partly from 
the ratio between silver and potassium chloride. From this ratio, the 
atomic weight of one substance being known, we can deduce that of the 
other. We have already used it in ascertaining the atomic weight of 
silver, and the value thus obtained is included in our general mean. 
But if from it we are to determine the molecular weight of potassium 
chloride, we must use a silver value derived from other sources only, or 
we should be assuming a part of ourresult in advance. In other words, 
we must now use a general mean for silver from which this ratio with 
reference to silver has been rejected. Hence the following series of silver 
values, which are lettered for reference : 


A. General mean from all eight...... obo i LOW LOS. ==). 003K 
B. pe excluding the first........ 107.108, + .0032 
G: e i second... 107.107, + .003 

D. a cs lnc ee espete eee 107.110, + .0031 
E. a ce fourth. c.. . 107.109, + .0033 
F; oH “ fifth eee 107.099, + .0039 
G, ne f Sessa soc 107.106, + .0034 
Fale i i seventh .... 107.113, + .0036 


We are now ina position to determine more closely the molecular 
weights of the haloid salts which we have already been considering. 

For silver chloride, still employing the formula for the probable error 
of the last term of a proportion, we get the following values: 


ores 
sa! ~ 
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coma (Seis aine fete siclewe asta sai .AgCl = 142.303, +: .0066 
Eomry (US handy (CM) Avera esc eps cuns fon (== 0422270)! 0052 
Hino m§ (UO) eacste (23) ications « = 142,063, + .0168 
COMM ELTA)! ames (ZO) eevarn a steente ssc stots (tPA 2 oR B= FOOLS 
MONI CUS bare p25 i aieros sist ser aol ts So =i 2 3005 O27) 
mona (IG) “kOe mosseaancnor 42s 27S -OlOy 

Generalimeanterer eee sc AgCl = 142.277, -+ .0036 


The third of these values is certainly too low, and although it reduces 
the atomic weight of chlorine by only 0.01, it ought to be rejected. The 
general mean of the other five values is AgCl = 142.287, + .0037. Sub- 
tracting from this the atomic weight of silver, 107.108, +: .0031, we have 
for the atomic weight of chlorine— 


Cl = 35.179, + .0048. 


For silver bromide three ratios are available: 





ELOme (6) Mice yatrea serge: facntte: AgBr = 186.463, + .0137 
Eprom (4)) gan cls (G) Beapeercicisevels yale “« = 186.450, + .0050 
eGna (US eon C24) ys arses Ma! ovis “= 186.459, -& .0339 

Generali meanimemriss erie AgBr = 186,452, + .0054 


Hence, applying the atomic weight of silver as before— 


Br = 79.344, - .0062. 


For silver iodide we have— 


> 
BLOME (7 Wen perenne ste stiene kee ears Agl = 232.959, +: .0134 
IMifomay (01) Binal (Wel) 5 osccotdocnacds (* == 233.008, + .0079 
BOM (LO) es n(2A!) screhystekvtaveesl 232.0071 eOl5a 
Generalemeanmene riers AgI = 232.996, + .0062 


Hence 
I= 125.888, + .0069. 


For the molecular weight of sodium chloride three values appear, as 
follows: 


ENGI (A) eergers cw eropeyorcieds ehaiste is eles NaCl = 58.057, + .0050 
Eo (S) FAT (ES eens cee Stat Fe he 5 ==5S00InE- 001s 
Eicon (UG) ccmerAt Clete on areca veins y= Ser l4G 0049 

General@ineaticie ce sss NaCl — 58.069, + .oo16 


Rejecting the third value, which corresponds to the rejected value for 
AgCl and throws out ratio (16) entirely, the mean becomes 


NaCl = 58.060, + .0017 


ora (Gana (Arico os. aes oS aha ws NaBr = 102,224, + .0031 
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Deducting from these molecular weights the values already found for 
Cland Br, two measurements of the atomic weight of sodium are obtained, 
thus: 


BromoNaGh Pistess oo. cne eee nei Na = 22.881, + .0051 
FromiNaBre, cama uum ieee | == 22000) == Olle 
General meanness eee Na = 22.881, + 0046 


The rejection of ratio (16) in connection with the atomic weights of 
sodium and chlorine is fully justified by the fact that the data which it 
represents were never intended for use in such computations. They were 
obtained incidentally in connection with work upon boron, and their 
consideration here may have some bearing later upon the discussion of 
the last-named element. 

For potassium, the ratios available give molecular weights for the 
chloride, bromide, and iodide. For the chloride, 


IRON (Tors stave crete coe etter ete Geter KCl = 74.029, + .0073 
Frome (wo)\ands (3) gee me treee MS 2-07], a= (SOLL 
Brom: (7) ise (ZA erage eee «* = 74,003, + .0049 
Generalimeane eee KCl = 74.025, + .0019 
For the bromide we have— 
From 2) pasncecstersleie planeta eee one KBr = 118.487, + .0923 
From (1t)and.(@)...... scones <== TTS sLoo = O073 
Genexalameansnen senor KBr — 118.200, + .0073 
And for the iodide— 
Fromy:(3) contin te steu cre canister cere rsicisie Kl==1645337, == 0382 
InKojo0) (Gi) VG! (ID) snosaneecacqecde SS OVO, SE COS” 
Generalimcane ene eee KI = 164.622, + .0051 


Combining these values with those found for chlorine, bromine, and 
iodine, we have three values for the atomic weight of potassium, as fol- 
lows: 











Brom eG lia serie tarsi rah cia setainenrsce tne K = 38.846, - .0078 
From Iron aorta pey cirec tee omertettite «* = 38.856, + .0096 
By On ACI a ee cakes epee rr k cree ome eee 93 57/345 OOS0 

Generalimeanae nee eee K = 38.817, -+_ .0051 


To sum up, the six atomic weights under discussion may be tabulated 
as follows, both for the standard chosen, and with O = 16 as the base of 
the system: 
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Ea O= 16, 
Nach ee Ves ptt gle Ses pate alin He ais 107.108, + .0031 107.924 
GEN ets ony eee Nor yas o 38.817, + .0051 39.112 
UNialsserettans che tal ote rraase fh ciche orate 22.881, + .0046 23.048 
CU re non ieeis stoe netehecls 35.179, + .0048 35-447 
Spey caeicr tenses eacisishsiee aie 79.344, - .0062 79.949 
ete Meera Se Norse tate © A nieve tee 125.888, + .0069 126.847 


It must be remembered that these values represent the summing up 
of work done by many investigators. Stas’ ratios, taken by themselves, 
give various results, according to the method of combining them. This 
computation has been made by Stas himself, with his older determina- 
tions, and more recently by Ostwald,* Van der Plaats,f and Thomsen, } 
all with the standard of O16. By Van der Plaats two sets of results 
are given: one with Stas’ ratios assigned equal weight (A), and the other 
with each ratio given weight inversely proportional to the square of its 
mean error(B). The results of these several computations may well be 
tabulated in comparison with the values obtained in my own general 
discussion, thus : 


Clarke. Stas. Ostwald. V.derP.,A. V.derP.,B. Thomsen. 


BNO et To 2% 107.924 107.930 107.9376 107.9202 107.9244 107.9299 
Wey as 5% ss 39.112 39.137 39.1361 39.1414 39.1403 39.1507 
Bei): = - 23.048 23-043 23-0575 23-0453 23-0443 23-0543 
Cl....... 35-447 35-457 35-4529 35-4516 35-4565 35-4494 
re. 79-949 79-952 79.9628 79.9407 79-9548 79.9510 
ere sis. 126.847 126,850 126,8640 126.8445 126.8494 126.8556 


The agreement between the new values and the others is highly satis- 
factory, and gives a strong emphasis to the magnificent accuracy of Stas’ 
determinations. No severer test could be applied to them. . 





* Lehrbuch der allgemeinen Chemie, 1, 41. 1885. 
+ Compt. Rend., 116, 1362. 1893. 
t Zeitsch. EUS EISE Chem., 13, 726. 1894. 
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NITROGEN. 


The atomic weight of nitrogen has been determined from the density 
of the gas, and from a considerable variety of purely chemical ratios. 

Upon the density of nitrogen a great many experiments have been 
made. In early times this constant was determined by Biot and Arago, 
Thomson, Dulong and Berzelius, Lavoisier, and others. But all of these 
investigations may be disregarded as of insufficient accuracy; and, as 
in the case of oxygen, we need consider only the results obtained by 
Dumas and Boussingault, by Regnault, and by recent investigators. 


Taking air as unity, Dumas and Boussingault* found the density of. 


nitrogen to be— 


-970 
972 
-974 


Mean, .972, + .00078 


For hydrogen, as was seen in our discussion of the atomic weight of 
oxygen, the same investigators found a mean of .0698, + .00013. Upon 


combining this with the above nitrogen mean, we find for the atomic 
weight of the latter element, N = 14.026, + .0295. 


By Regnault + much closer work was done. He found the density of 
nitrogen to be as follows: 


.97148 
.97148 
-97154 
-97155 
.97108 
.97108 


« 
Mean, .97137, + .000062 





For hydrogen, Regnault’s mean value is .069263, + .000019. Hence, 
combining as before, N = 14.0244 ++ .0039. 

Both of the preceding values are affected by a correction for the dif- 
ference in volume between the weighing globes when full and when 
empty. This correction, in the case of Regnault’s data, has been meas- 
ured by Crafts,{ who gives .06949 for the density of H, and .97188 for N. 
Corrected ratio, N = 18.9787. If we assume the same proportional cor- 
rection for the determination by Dumas and Boussingault, that becomes 
N13 07s 








*Compt. Rend., 12, 1005. 1841. 
+ Compt. Rend., 20, 975. 1845. 
{ Compt. Rend., 106, 1664. 
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Von Jolly,* working with electrolytic oxygen and with nitrogen pre- 
pared by passing air over hot copper, but not with hydrogen, compared 
the weights of equal volumes of the two gases, with results as follows : 





Oxygen. Nitrogen. 
1.442470 1.269609 
1.442579 1.269389 
1.442489 1.269307 
1.442570 1.209449 
1.442571 1.269515 
1.442562 1.269443 
1.442478 1.269478 
Mean, 1.442545, + .000013 Mean, 1.269455, +. 000024 


The ratio, when O = 16, is N = 14.0802, + .0003. Corrected by Ray- 
leigh, the ratio between the weights becomes 14.0805. If O = 15.879, 
+ .0008, the final value for N, deducible from Von Jolly’s data, is N = 
13.974, + .0004. 

The next determination in order of time is Leduc’s.t He made nine 
measurements of the density of nitrogen, giving a mean of .97205, with 
extremes of .9719 and .9721; but he neglects ‘to cite the intermediate 
values. Taking the three figures given as representative, and assuming 
a fair distribution of the other values between the indicated limits, the 
probable error of the mean is not far from 0.00002. For hydrogen he 
found .06948, + .00006745. The ratio between the two densities gives 
M— 13.9901, + 0188. 

Lord Rayleigh,{ preparing nitrogen by passing air over hot copper, 
and weighing in a standard globe, obtained the following weights : 


2.31035 
2.31026 
2.31024 
2.31012 
2.31027 





Mean, 2.31025, -- 000025 

With corrections for temperature, shrinkage of the globe when ex- 
hausted, etc., this becomes 2.30883, as against 2.37512 for the same volume 
of air. Hence the density of N = .97209, + .00001. His former work 
on hydrogen gives .06960, + .0000084, for the density of that gas. The 
ratio is N = 13.9678, + .0017. 

The foregoing data, however, all apply to nitrogen derived from the 
atmosphere. In a later memoir Rayleigh § found that nitrogen from 





* Poggend. Annalen (2), 6, 529-530. 1879. 
+ Compt. Rend,, 113, 186. 1891. 

J Proc. Roy. Soc., 53, 134. 1894. 

2 Chem. News, 69, 231. 1894. 
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chemical sources, such as oxides of nitrogen, ammonium nitrate, etc., 
was perceptibly lighter; and not long afterwards the discrepancy was 
explained by the astonishing discovery of argon. The densities given, 
therefore, are all too high, and unavailable for any discussion of atomic 
weight. As, however, the reductions had been completed in nearly all 
their details before the existence of argon was announced, they may be 
allowed to remain here as part of the record. Summing up, the ratios 
found between hydrogen and atmospheric ‘ nitrogen ” are as follows: 


Dumas and Boussingault, corrected................. 13.977 
Regnault, sR ec Eos ACs once hearers osraras 13.979 
Von Jolly, es Reset eeareietleeresceye eee 3-974 
Leduc, fae ker Se sislioto by Saetershens 13.990 
Rayleigh, Ree Ol coaniscu natn oman 13.968 


Perhaps at some future time, when the density of argon is accurately 
known and its amount in the atmosphere has been precisely determined, 
these figures may be so corrected as to be useful for atomic weight calcu- 
lations. 

In discussing the more purely chemical ratios for establishing the 
atomic weight of nitrogen, we may ignore, for the present, the researches 
of Berzelius and of Anderson. These chemists experimented chiefly 
upon lead nitrate, and their work is consequently now of greater value 
for fixing the atomic weight of lead. Their results will be duly consid- 
ered in the proper connection further on. 

The ratio between ammonium chloride and silver has been determined 
by Pelouze, by Marignac, and by Stas. The method of working is essen- 
tially that adopted in the similar experiments with the chlorides of 
sodium and potassium. 

For the ammonium chloride equivalent to 100 parts of silver, Pelouze* 
found: 

49-556 
49.517 





Mean, 49.5365, + .013 


Marignac} obtained the following results. The usual ratio for 100 
parts of silver is given also: 


8.063 grm, Ag = 3.992 grm. NH,Cl. 49.510 
9.402 es 4.656 e 49.521 
10.339 bY 5.120 ° 49.521 
12.497 a 6.191 n 49.540 
11.337 ‘ 5.617 ‘ 49.546 
11.307 : 5.595 s 49.483 
4.326 2.143 : 49.538 





Mean, 49.523, + .0055 





* Compt. Rend., 20. 1047. 1845. 
+ Berzelius’ Lehrbuch, 5th ed., vol. 3, 1184, 1185. 
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But neither of these series can for a moment compare with that of 
Stas.* He used from 12.5 to 80 grammes of silver in each experiment, 
reduced his weighings to a vacuum standard, and adopted a great variety 
of precautions to insure accuracy. He found for every 100 parts of silver 
the following quantities of NH,Cl: 


49.600 
49.599 
49-597 
49.598 
49-597 
49-593 
49.597 
49.5974 
49.602 
49.597 


49 598 
49.592 





Mean, 49.5973, = .0005 


In this work, as with the similar ratios for potassium and sodium 
chloride, the solubility of silver chloride was not guarded against so fully 
as is needful. Accordingly Stas published a new series of determina- 
tions in 1882,7 carefully checked in this particular, with the subjoined 
values for the ratio: 


49.60001 


49.59999 
49.599 
49.600 


49.597 


Mean, 49.5992, -+ .00039 


Combining all four series, we have— 


RELOUZ eRe Rar eset ey rows cv stels hactiacneven noite 49.5365, + .013 
IV aT OT) AC eves oye chee eretet gps) ade Jor a: cysi ova: a akoh ayave 49.523, = .0055 
Stas mealhyeSenessre, tess Gre cys: cncbaiersi sve etree 49.5973, + .0005 
StASMl Ate aman sr leysscAbrote has cect Riese biel e's 49.5992, + .00039 
Generalfmeaneeis-aseeac cen care os 49.5983, -— .00031 


In the paper last cited Stas also gives a similar series of determinations 
for the ratio Ag: NH,Br::100:2. The results are as follows, with re- 
duction to vacuum: 





* Aronstein’s translation, pp, 56-58. 
+ Mémoires Acad. Roy. de Belge., 43. 1882. 
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90.831 
90.831 
90.8297 
90.823 
90.8317 
90.8311 
90.832 





Mean, 90.8299, -+ .0008 


The quantity of silver nitrate which can be formed from a known 
weight of metallic silver has been determined by Penny, by Marignac, 
and by Stas., Penny * dissolved silver in nitric acid in a flask, evapo- 
rated to dryness without transfer, and weighed. One hundred parts of 
silver thus gave of nitrate: 


157.430 

157-437 

157-458 

157.440 

157.430 

157-455 é 


Mean, 157.4417, + .0033 


Marignac’s f results were as follows. In the third column they are 
reduced to the common standard of 100 parts of silver: 


68.987 grm, Ag gave 108.608 grm, AgNO,. 157.433 
57.844 sf 91.047 = 157.401 
66,436 ot 104.592 i 157.433 
70.340 ee 110.718 sf 157.404 
200,000 se 314.894 ne 157-447 





Mean, 157.4236, + .oo61 


Stas,f employing from 77 to 405 grammes of silver in each experiment, 
made two different series of determinations at two different. times. The 
silver was dissolved with all the usual precautions against loss and 
against impurity, and the resulting nitrate was weighed, first after long 
drying without fusion, just below its melting point; and again, fused. 
Between the fused and the unfused salt there was in every case a slight 
difference in weight, the latter giving a maximum and the former a 
minimum value. 

In Stas’ first series there are eight experiments; but the seventh he 
himself rejects as inexact. The values obtained for the nitrate from 100 





* Phil. Trans., 1839. 
} Berzelius’ Lehrbuch, 5th ed., 3, pp. 1184, 1185. 
t Aronstein’s translation, pp. 305 and 315. 
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parts of silver are given below in two columns, representing the two con- 
ditions in which the salt was weighed. The general mean given at the 
end I have deduced from the means of the two columns considered 
separately : 





Unfused. Fused. 
157.492 157-474 
157.510 157.481 
157.485 157-477 
157.476 157-471 
157.478 157-470 
157.471 157.463 
157.488 157.469 

Mean, 157.4857 Mean, 157.472 


General mean, 157.474, -+ .oO14 


In the later series there are but two experiments, as follows : 





Unfused. Fused. 
157.4964 157.488 
157-4940 157-480 
Mean, 157.4952 Mean, 157.484 


General mean, 157.486, + .0003 


The reverse ratio, namely, the amount of silver obtainable from a 
weighed quantity of nitrate, has been determined electrolytically by 
Hardin.* The data obtained, however, are reducible to the same form 
as in the preceding series, and all are properly combinable together. 
Pure silver was dissolved in pure aqueous nitric acid, and the crystal- 
line salt thus formed was dried, fused, and used for the determinations. 
The silver nitrate, mixed with an excess of pure potassium cyanide solu- 
tion, was electrolyzed ina platinum dish. The results obtained, reduced 
to vacuum weights, were as follows: 


.31202 AgNO, gave .19812 Ag. Ratio, 157.490 
.47832 3 -30370 “ ‘157.498 
-56742 ‘ 36030 “ “157-485 
.57728 36655 “ “157.490 
.69409 i 44075 “ 857-479 
.86367 ee 54843 “ “157.479 
-86811 ss sso CS ‘© 157.466 
.93716 o .59508 “ = 157-485 
1.06170 uc SOV ANZ SS E404 
1.19849 z 76104 “ ee Sie aie 





Mean, 157.484, + .0020 


* Journ. Amer. Chem. Soc., 18, 995. 1896. 
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Now, to combine all five sets of results: 


Penniys.e eee 6 A ee caIRE NAL Te 157.4417, - .0033 
Marionaciic catenin cleo reetotenetersrerctcer- ats 157.4236, + .0061 
Stas, /USt SETIES Sn. hae onsale eiesevetatevsis sere) e's 157-4740, + .0014 
Stas) (20g ee tetas tacos vance eemeeeten terete et ccs 157.4860, -+ .0003 
Tfardin suey chetcteoe gommmedeneyseodtencteleneteless 157.484, -k .0020 

Generalumean tania caanye osteo cicis 157.479, - .0003 


For the direct ratio between silver nitrate and silver chloride there are 
two series of estimations. A weighed quantity of nitrate is easily con- 
verted into chloride, and the weight of the latter ascertained. In two 
experiments Turner* found of chloride from 100 parts of nitrate: 


84.357 
84.389 





Mean, 84.373, -& .OII 


Penny, in five determinations, found the following percentages: 


84.370 
84.388 
84.377 
84.367 
84.370 





Mean, 84.3744, -: .0025 
The general mean from both series is 84.5748, + .0025. 


The ratio directly connecting silver nitrate with ammonium chloride 
has been determined only by Stas. { The usual method of working was 
followed, namely, nearly equivalent quantities of the two salts were 
weighed out, the solutions mixed, and the slight excess of one estimated 
by titration. In four experiments 100 parts of silver nitrate were found 
equivalent to chloride of ammonium, as follows: 


31.489 
31.490 
31.487 
31.486 





Mean, 31.488, + .0006 


The similar ratio between potassium chloride and silver nitrate has 
been determined by both Marignac and Stas. 
* Phil brans., Toes 537. 


+ Phil. Trans., 1839. 
{ Aronstein’s translation, p. 309. 
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Marignac* gives the following weights. I add the quantity of KCl 
proportional to 100 parts of AgNO, : 


1.849 grm. KCl= 4.218 grm. AgNO,. 43.836 
2.473 5.640 is 43.848 
3-317 t 7-565 = 43-847 
2.926 ns 6.670 “ 43.868 
6.191 es 14,110 ot 43.877 
4.351 ys 9.918 . 43.870 





Mean, 43.858, + .0044 


Stas’ + results are given in three series, representing silver nitrate from 
three different sources. In the third series the nitrate was weighed in 
vacuo, while for the other series this correction was applied in the usual 
way. For the KCl equivalent to 100 parts of AgNO, Stas found: 

First Series. 
43.878 
43-875 
43.875 
43.874 





Mean, 43.8755, -- .0005. 


Second Series. 
43-864 
43.869 
43.876 





Mean, 43.8697, + .0023 


Third Series. 
43-894 
43.878 
43.885 





Mean, 43.8857, + .0031 


Combining all four series we have: 


Nan ONaCH mrt iewre ceric: Fe SA War eAe Rye 43.858, + .0044 
Biba aye LSb/SCELOS 0b. oie on. claar clase eucuaiats sietoerene 43.8755, + .0005 
Sasa omen tierce ceva ge sete oeexcu chon aia ae 43.8697, + .0023 
Stasis clk Sa beers st uie costs teieee tere vers tstes arorsine 43.8857, + .0031 

General@meanmerin seeriaetie ae 43.8715, - .0004 


There have also been determined by Penny, by Stas, and by Hibbs a 
series of ratios connecting the alkaline chlorides and chlorates with the 
corresponding nitrates. One of these, relating to the lithium salts, will 
be studied farther on with reference to that metal. 





* Berzelius’ Leiurbuch, 5th ed., 3d vol., 1184, 1185. 
+ Aronstein’s translation, p. 308. 
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The general method of working upon these ratios is due to Penny. * 
Applied to the ratio between the chloride and nitrate of potassium, it is 
as follows: A weighed quantity of the chloride is introduced into a flask 
which is placed upon its side and connected with a receiver. An excess 
of pure nitric acid is added, and the transformation is gradually brought 
about by the aid of heat. Then, upon evaporating to dryness over a 
sand bath, the nitrate is brought into weighable form. The liquid in 
the receiver is also evaporated, and the trace of solid matter which had 
been mechanically carried over is recovered and also taken into account. 
In another series of experiments the nitrate was taken, and by pure hy- 
drochloric acid converted into chloride, the process being the same. In 
the following columns of figures I have reduced both series to one stand- 
ard, namely, so as to express the number of parts of nitrate correspond- 
ing to 100 of chloride: 


First Series.—K Cl treated with HNO). 


135.639 
135.637 
135.640 
135.635 
135.630 
135-640 
135.630 





Mean, 135.636, -- .OO1!1 


Second Series.—K NO, treated with HCl. 


135.628 
135-035 
135.630 
135.641 
35 630 
135.635 
135.630 





Mean, 135.633, + .OOoI! 


Stas’ fT results are as follows: 


135.643 
135.638 
135.647 
135-649 
135-640 
135.645 
135-655 





Mean, 135.6453, -+ .0014 





* Phil. Trans., 1839. 
} Aronstein’s translation, p. 270. 
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+ 


These figures by Stas represent weighings in the air. Reduced to a 
vacuum standard, this mean becomes 185.6425, 

The determinations made by Hibbs* differ slightly in method from 
those of Penny and Stas. He converted the nitrate into the chloride by 
heating in a stream of gaseous hydrochloric acid. His results were as 
follows, vacuum weights being given ° 


Weight K NO, Weight KCl. Ratio. 
. 11090 .08177 135.624 
.14871 . 10965 35.622 
.21067 -15533 135-627 
.23360 .17225 135.620 
.24284 .17903 135.642 





Mean, 135.627, + .0026 


Now, combining, we have: 


Renny eLSteSCLICS see rcerant ee sysiners aise a ee: 135.636, - ool! 

[Benny ay? atmos charset uae asta 135.633, =: .OOr! 

Ry a OLASeen thc eran eetele here Aware tenets. a2 135.6423, + .0014 

‘ Et bbStareece hemicy ee eats ee cir 135.627, - .0026 
Generalimeanterne eter ae 135-636, -+ .0007 


By the same general process Penny + determined how much potassium 
nitrate could be formed from 100 parts of chlorate. He found as follows: 


$2.505 
52.497 
82.498 
82.500 





Mean, 82.500, + .oo12 


For 100 parts of sodium chlorate he found of nitrate : 


79.875 
79.882 


79.890 





Mean, 79.8823, - .0029 


For the ratio between the chloride and nitrate of sodium Penny made 
two sets of estimations, as in the case of potassium salts. The subjoined 
figures give the amount of nitrate equivalent to 100 parts of chloride: 








* Thesis for Doctor’s degree, University of Pennsylvania, 1896. Work done under the direction 
of Professor E. F. Smith. 
7 Phil. Trans., 1839. 
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First Series.—NaCl treated with HNO). 


145.415 
145.408 
145.420 
145.424 
145.410 
145.418 
145.420 


Mean, 145.4164, + .0015 


Second Series.—NaNO, treated with HCl. 


145.419 
145.391 
145.412 
145.415 
145.412 
145.412 





Mean, 145.410, -- .0026 


Stas * gives the following series: 


145.453 
145.468 
145.405 
145.469 
145-443 





Mean, after reducing to vacuum standard, 145.4526, + .0030 


Hibbs’ f data, obtained by the method employed in the case of the 
potassium compounds, are as follows, vacuum weights being stated : 


Weight NaNO). Weight NaCl. Ratio. 
.O1550 -O1006 ~ 145.403 
.20976 .14426 145.404 
.26229 .18038 145.410 
.66645 .45829 145.429 
-93718 -64456 145.399 





Mean, 145.407, + .0026 


Combining, we have as follows: 


Penmy,, WSt series, Ga. chic weebehs ees Jeabiohts 145.4164, + .0015 
Penny 20h td eae oe se eee 145.410, -+ ,0026 
SEAS! oralatine shatherswe. wathisse usa loee mere hee 145.4526, -+ .0030 
LID DSiitona cashl acieh ae ct Ree Eee 145.407, -- .0026 

(Generalancanne eee eee 145.418, - .o0o12 








* Aronstein’s translation, p. 278. 
} Thesis, University of Pennsylvania, 1896. 
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Julius Thomsen, * for the purpose of fixing indirectly the ratio H: O, 
has made a valuable series of determinations of the ratio HCl: NH,, 
which may properly be used toward establishing the atomic weight of 
nitrogen. First, pure, dry, gaseous hydrochloric acid is passed into a 
weighed absorption apparatus containing pure distilled water. After 
noting the increase in weight, pure ammonia gas is passed in until a very 
slight excess is present, and the apparatus is weighed again. The excess 
of NH,, which is always minute, is measured by titration with standard 
hydrochloric acid. In weighing, the apparatus is tared by one of similar 
form, and containing about the same amount of water. Three series of 
determinations were made, differing only in the size of the absorption 
apparatus; so that for present purposes the three may be taken as one. 
Thomsen considers them separately, and so gives greatest weight to the ex- 
periments involving the largest masses of material. I give his weighings, 




















and also, as computed by him, the ratio 7 
NH, 

THGL. NA, Ratio. 

BarSt;Senlesseyesiers 5.1624 2.4120 2.1403 
3.9425 1.8409 2.1416 
4.6544 2.1739 2.1411 
3.9840 1.8609 2.1409 
5.3295 2.4898 2.1406 
4.2517 1.9863 2.1405 
4.8287 2.2550 2.1414 
6.4377 3.0068 2.1411 
4.1804 1.9528 2.1407 
5.0363 22022 2.1410 
4.6408 2.1685 2.1411 

Second series,... 11.8418 5.5302 2.14130 
14.3018 6.6808 2.14073 
12,1502 5.0759 2.14067 
11.5443 5-3927 2.14073 
12,3617 5-7733 2.14118 

mthirdlsertesas).). 19.3455 9.0360 214004 
19.4578 9.0890 2.14081 





Mean of all, 2.14093, + .000053 
Reduced to vacuo, 2.1394 


From the sums of the weights Thomsen finds the ratio to be 2.14087, 
or 2.18934 invacuo. From this, using Ostwald’s reductions of Stas’ data 
for the atomic weights of N and Cl, he finds the atomic weight of H = 
0.99946, when O = 16. 

We have now, apart from the determinations of gaseous density, eleven 
ratios, representing one hundred and sixty-four experiments, from which 





* Zeitsch. Physikal. Chem., 13, 398. 1894. 
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to calculate the atomic weight of nitrogen. Let us first collect and num- 
ber these ratios: 


(1.) Ag: AgNO, : : 100 : 157.479, + .0003 
(2.) AgNO, : AgCl: : 100: 84.3743, + .0025 
(3.) AgNO, : KCl: : 100: 43.8715, + .0004 
(4.) AgNO, : NH,Cl: : 100: 31.488, -- .0006 
(5.) Ag : NH,Cl: : 100: 49.5983, -- .00031 
(6.) Ag: NH,Br: : 100: 90.8299, +,.0008 
(7.) KCl: KNO, : : 100: 135.636, + .0007 
(8.) KClO, : KNO, : : 100 : 82.500, + .oo12 
(9.) NaCl: NaNO, :: 100: 145 418, -- .ooI! 
(10.) NaClO, : NaNO, : : 100 : 79.8823, -- .0029 
(11.) NH, : HCl: : 1.00: 2.1394, + .000053 
From these ratios we are now able to deduce the molecular weight of 
ammonium chloride, ammonium bromide, and three nitrates. For these 
calculations we must use the already ascertained atomic weights of oxy- 
gen, silver, chlorine, bromine, sodium and potassium, and the molecular 
weights of sodium chloride, potassium chloride, and silver chloride. The 


following are the antecedent values to be employed: 


Aig) == 07), 108) += ,0031 
Ke) == *383817, = 0051 
Na = 22,881, + .0046 
Cl = 35.179, += .0048 
Br = 79.344, + .0062 
©, = 47.637, 3= .coo9 
AgCl = 142.287, + .0037 
KCl = 74.025, + .0o19 
NaCl= 58.060, + .0017 


Now, from ratio number five we get the molecular weight of NH,Cl = 
53.124,,+ .0016, and N = 13.945, + .0051. 

From ratio number six, NH,Br = 97.286, + .0029, and N = 13.942, 
ae OOM Te 

From ratio number eleven, NH, = 16.911, + .0048, and N = 13.911, 
+ .0048. 

From ratio number four, which involves an expression of the type 
A:B::C+2: D-+<a, an independent value is deducible, N = 18.935, 
=p) rere 

For the molecular weight of silver nitrate there are three values, 
namely : 





BOM GE) eee OMe led caeeeneteeyed bt yale AgNO, = 168,673, + .0049 
Eros (2) oi. 2i ts eeaeoe ets une kee “= 168.634, + .0066 
Brom (3-year edo srar eee Oe 72 OON6 

Generalimeaneee ee ereieioe AgNO, = 168.690, + .0030 


Hence N = 138.945, + .0044. 
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The molecular weight of potassium nitrate is twice calculable, as 
follows: 





GRR (7A steve Oatae die ais othe cies KNO, = 100,405, -++ .0026 
SEO MN (S) reper aie te eu avs cl onsiakspacateeone Sn LOOlS 7/0059 
General mean. .....06,2.. KNO, = 100,401, + .0024 
Hence N = 138.947, + .005/7. 
And for sodium nitrate we have: 
Bro mnld(O) Wee Wersvste ya. atclerorsyasis esters NaNO, = 84.430, + .0026 
Bron (LO). tigratan welaie sjcaecetera ta a8 1 O4. Agee O05 
Ceneralimeanten ieee ter NaNO, = 84.431, + .0023 


Hence N = 13.913, =: .0052. 
There are now seven estimates of the atomic weight of nitrogen, to be 
combined by means of the usual formula. 


Teeeorme Nii, Clivy tees crocus ayerenrerace as N = 13.945, + .0051 
DPR ee NEM ALE tee er Malet she creer a theta “= 13.942, + .0077 
ete SRALLOs (ANince cater gree archers arate ae “== 13.935, + .0073 
As ee ay, SCOT geen ccd Smet Sekt Abs es “‘ — 13.911, -- .0048 
5 Br ASIN O Saararciareo mets sve area ~ == 13.945, == .0044 
6 Sia ESSIN OR atast tecais Sfataibisyabiatuataha lalst: aS OAy OOS] 
7 SI INGIN© oe ripaye aeetae) ote UT rn aset ii hs Ola t= OO52 

Generalimeantn wei emyeiee cre N = 13.935, - .0021 


If oxygen is 16, this becomes 14.041. From Stas’ data alone, Stas 
finds 14.044; Ostwald, 14.0410; Van der Plaats, 14.0421 (A), and 14.0519 
(B); and Thomsen, 14.0396. The new value, representing all available 
data, falls between these limits of variation. 
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CARBON. 


Although there is a large mass of material relating to the atomic weight 
of carbon, much of it may be summarily set aside as having no value 
for present purposes. The density of carbon dioxide, which has been 
scrupulously determined by many investigators,* leads to no safe esti- 
mate of the constant under consideration. ‘The numerous analyses of 
hydrocarbons, like the analyses of naphthalene by Mitscherlich, Wosk- 
resensky, Fownes, and Dumas, give results scarcely more satisfactory. 
In short, all the work done upon the atomic weight of carbon before the 
year 1840 may be safely rejected as unsuited to the present requirements 
of exact science. As for methods of estimation we need consider but 
four, as follows: 

First. The analysis of organic salts of silver. 

Second. The determination of the weight of carbon dioxide formed by 
the combustion of a known weight of carbon. 

Third. The method of Stas, by the combustion of carbon monoxide. 

Fourth. From the density of carbon monoxide. 

The first of these methods, which is probably the least accurate, was 
employed by Liebig and Redtenbacher f in 1840. They worked with 
the acetate, tartrate, racemate, and malate of silver, making five ignitions 
of each salt, and determining the percentage of metal. From one to 
nine grammes of material were used in each experiment. 

In the acetate the following percentages of silver were found: 

64.615 
64.624 
64.623 
64.614 
64.610 





Mean, 64.6172, + .0018 


After applying corrections for weighing in air, this mean becomes 
64.6065. 
In the tartrate the silver came out as follows: 


59.297 
59.299 
59.287 
59.293 
59.293 





Mean, 59 2938, + .0014 
Or, reduced to a vacuum, 59.2806 


’ 





* Notably by Lavoisier, Biot and Arago, De Saussure, Dulong and Berzelius, Buff, Von Wrede, 
Regnault, and Marchand. For details, Van Geun’s monograph may be consulted. 
+ Ann, Chem. Pharm., 38, 137. Mem. Chem. Soc., 1,9. Phil. Mag. (3), 19, 210. 
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In the racemate we have: 
59.290 
59.292 
59.287 
59.283 
59.284 


Mean, 59.2872, + .0Oo12 
Or, corrected, 59.2769 





And from the malate: 
61.996 
61.972 
62.015 
62,059 
62.011 





Mean, 62.0106, + .0096 
Or, corrected, 62,0016 


Now, applying to these mean results the atomic weights already found 
for oxygen and silver, we get the following values for carbon: 


Hrom’the acetates. - 2.05. .caee<seee 26 C = 11.950, = .0021 
Tian (HS LANE. oooseon meonuovahaas ‘EE. 90 7, = .OO19 
Hom) themacemate?s<ceec cena seco = RIO an t= OO 
Bxom) themmalates sentac4 danse sera “ — 71.972, + .0098 


Now these results, although remarkably concordant, are by no means 
unimpeachable. They involve two possible sources of constant error, 
namely, impurity of material and the volatility of the silver. These 
objections have both been raised by Stas, who found that the silver tar- 
trate, prepared as Liebig and Redtenbacher prepared it, always carried 
traces of the nitrate, and that he, by the ignition of that salt, could not 
get results at all agreeing with theirs. In the case of the acetate a similar 
impurity would lower the percentage of silver, and thus both sources of 
error would reinforce each other and make the atomic weight of carbon 
come out too high. With the three other salts the two sources of error 
act in opposite directions, although the volatility of the silver is probably 
far greater in its influence than the impurity. Even if we had no other 
data relating to the atomic weight of carbon, it would be clear from these 
facts that the results obtained by Liebig and Redtenbacher must be 
decidedly in excess of the true figure. 

Strecker, * however, discussed the data given by Liebig and Redten- 
bacher by the method of least squares, using the Berzelian scale, and 
assuming H = 12.51. Thus treated, they gave C= 75.415, and Ag = 
1348.79; or, with O = 16, C= 12.066 and Ag = 107.903. These values 





* Ann. Chem. Pharm., 59, 280. 1846. 
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of course would change somewhat upon adoption of the modern ratio 
between O and H. 

Observations upon silver acetate, like those of Liebig and Redtenbacher, 
were also made by Marignac.* The salt was prepared by dissolving 


silver carbonate in acetic acid, and repeatedly recrystallizing. Two ex- 
periments gave as follows: 


59 grm. acetate gave 2.1561 Ag. 64.633 per cent. 
27 + TO72 7 (vitor OC 





Mean, 64.627, + .0040 


Reduced to a vacuum, this becomes 64.609. 


In a second series, conducted with special precautions to avoid me- 
chanical loss by spurting, Marignac found: 


DAT UT germ, acetate gave 15.983 Ag, 64.665 per cent. 
21.202 oe Ia 7OOMes GA5601 
Beet: s Pop pai OG 64.666 ‘<S 





Mean, 64.664, + .oo10 
Or, reduced to a vacuum, 64.646 


Other experiments, comparable with the preceding series, have recently 
been published by Hardin,+ who sought to redetermine the atomic 
weight of silver. Silver acetate and silver benzoate, carefully purified, 
were subjected to electrolysis in a platinum dish, and the percentage of 
silver so determined. For the acetate, using vacuum weights, he gives 
the following data, the percentage column being added by myself: 


-32470 grm, acetate gave .20987 Ag. 64.635 per cent. 
-40566 “ R20222100 OAROAR Te 
.52736 gt 34086 C463 5s 
.60300 es 22 S07 OMe GAzO2 7s 
67235 7 43455 “ 64,030 ei. 
-72452 a -46830) °° GOYnOR One 
.78232 Be 50503) O47 022) 
-79804 a .51590 “ 64.646“ 
.92101 “e SO5G2 ue 64.638 “ 
1.02495 gs .66250 ‘° O4ROR 7a 





Mean, 64.637, + .OOoII 


Combining this series with those of the earlier investigators we have: 


Miebiovand Ivedtenbachenss eee ere 64.6065, -- .oo18 
MiaicionaceanstySenles miner ty aeresn eerie ste 64.609, - .0040 
Masignacriods, FSP i 1 i. ans se temarene arene 64.646, - .oor10 
PTardin secant an ee eee er er eee 64.637, = .OOIT 

Generalameania eee eee 64.636, -b .0007 





* Ann. Chem. Pharm., 59, 287. 1846. 
+ Journ. Amer. Chem. Soc., 18, 990. 1896. 
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With silver benzoate, C,H,AgO,, Hardin’s results are as follows: 


.40858 grm. benzoate gave .19255 Ag. 47.127 per cent. 
40074 re 21999 “* ATIG3) 
.48419 a s22015 0. ArT C2O) a i 
.62432 = .29418 ‘* Ape. 
.66496 os eet Om. Avila Tine oo: 
-75853 Gs 235745). ito ma 
-76918 5B O24 Fini Al Gace 
.81254 us .38286 ‘S Mapai) 
-95673 BS 45079 ** AT LIS. ye 
1.00840 s eAv7IS2 Ole day itgye) OG 





Mean, 47.125, + .0012 


A different method of dealing with organic silver salts was adopted 
by Maumené,* in 1846, for the purpose of establishing by reference to 
carbon the atomic weight of silver. We will simply reverse his results 
and apply them to the atomic weight of carbon. He effected the com- 
bustion of the acetate and the oxalate of silver, and, by weighing both 
the residual metal and the carbon dioxide formed, he fixed the ratio 
between these two substances. In the case of the acetate his weighings 
show that for every gramme of metallic silver the weights of CO, were 
produced which are shown in the third column: 


8.083 grm, Ag = 6.585 grm. CO,. .8147 
11.215 of 9.135 me .8136 
14.351 as LOOR 5h an - .8148 

9.030 - fesooe ae 8148 
20,227 “S 16.475 oe .8145 





Mean, .81448 


The oxalate of silver, ignited by itself, decomposes too violently to 
give good results; and for this reason it was not used by Liebig and 
Redtenbacher. Maumené, however, found that when the salt was mixed 
with sand the combustion could be tranquilly effected. The oxalate 
employed, however, with the exception of the sample represented in the 
last experiment of the series, contained traces of nitrate, so that these 
results involve slight errors. For each gramme of silver the appended 
weights of CO, were obtained : 


14.299 grm. Ag. = 5.835 grm. CO,. .4081 
17.754 i Dyin ke .4059 
11,550 a 4.703 io .4072 
10.771 7s 4.387 5 .407 3 
8.674 o Sey Wee .4073 
11.4355“ 4.658 “ .4073 





Mean, .40718 





*Ann. Chim. Phys. (3), 18, 47. 1846. 
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Now, one of these salts being formed bya bivalent and the other bya 
univalent acid, we have to reduce both to a common standard. Doing 
this, we have the following results for the ratio between the atomic 
weight of silver and the molecular weight of CO,; if Ag =1.00: 


From the acetate; 04... aes: CO, = .40724, + .000076 
iommthctoxalatcnen eee “¢ = .40718, + .000185 
Generalamedneee eee CO, |= 240723, += C0007 


Here the slight error due to the impurity of the 
such trifling weight that it practically vanishes. 

As has already been said, the volatility of silver renders all the fore- 
going results more or less uncertain. Far better figures are furnished by 
the combustion of carbon directly, as carried out by Dumas and Stas * 
in 1840 and by Erdmann and Marchand? in 1841. In both investiga- 
tions weighed quantities of diamond, of natural graphite, and of artificial 
graphite were burned in oxygen, and the amount of dioxide produced 
was estimated by the usual methods. The graphite employed was puri- 
fied with extreme care by treatment with strong nitric acid and by fusion 
with caustic alkali. I have reduced all the published weighings to a 
common standard, so as to show in the third column the amount of 
oxygen which combines with a unit weight (say one gramme) of carbon. 
Taking Dumas and Stas’ results first in order, we have from natural 
graphite : 


oxalate becomes of 





1.000 grm, C gave 3.671 grm, CO,. 2.6710 

.998 ce 3.660 a 2.6673 

994 5 3.045) 2.6670 

1.216 ce 4.461 fe 2.6686 

1.471 * BO att: 2.6676 
Mean, 2.6683, + .0005 


With artificial graphite : 


.992 grm. C gave 3.642 grm. CO,,. 2.6714 
-998 es 3.662 us 2.6682 
1.660 A 6.085 oS 2.6654 
1.465 oS 5-365 ss 2.6744 


And with diamond: 


Mean, 





2.66985, - .0913 


-708 grm. C gave 2.598 grm.:CO,. 2.6695 
.864 as B07 5) eee 2.6661 
1.219 s 4.465 as 2.6628 
1,232 fe 4.519 be 2.6680 
1375 es 5.041 ss 2.6662 


Mean, 





5.6665 + .0007 





* Compt. Rend., 11, 991-1008. 


+ Jour. f Prakt. Chem., 23, 159. 
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Erdmann and Marchand’s figures for natural graphite give the follow- 
ing results: 


1.5376 grm, gave 5.6367 grm. COx, 2.6659 
1.6494 sie 6.0384 ss 2.6609 
1.4505 Sn oe ST ode hs 2.6647 


In one experiment 1.8935 grm. of artificial graphite gave 6.9355 erm. 
CO,. Ratio for O, 2.6628. This, combined with the foregoing series, 
gives a mean of 2.6636, + .0007. 

With the diamond they found: 


-8052 grm. gave 2.9467 grm, CO,. 2.6596 

1.0858 a 3.9875 “ 2.6632 

Tego oyacuem a OOSD: ©! ACE 2.6629 

E0305.) 7)" 5-97945  “ 2.6673 

, SOT a 2.7490“ 2.6653 





Mean, 2.6637, + .0009 


In more recent years the ratio under consideration has been carefully 
redetermined by Roscoe, by Friedel, and by Van der Plaats. Roscoe * 
made use of transparent Cape diamonds, and in a sixth experiment he 
burned carbonado. The combustions were effected in a platinum boat, 
contained in a tube of glazed Berlin porcelain; and in each case the ash 
was weighed and its weight deducted from that of the diamond. The 
results were as follows, with the ratios stated as in the preceding series: 


1.2820 grm. C gave 4.7006 CO,. 2.6666 
1.1254 i 4.1245 *S . 2.6649 
1.5287 bs 5.6050 ‘‘ 2.6665 
Apa se 2.6070 ‘S 2.6656 
1.3842 aC 5.0705, ss 2.6675 
.4091 €s 14979“ 2.6612 





Mean, 2.6654, +- .0006 
Friedel’s work,f also upon Cape diamond, was in all essential par- 
ticulars like Roscoe’s. The data, after deduction of ash, were as follows: 


‘ -4705 grm, C gave 1.7208 CO,. 2.6628 
.8616 Su Wi7h 1s 2.6640 





Mean, 2.6634, + .0004 


By Van der Plaats { we have six experiments, numbers one to three 
on graphite, numbers four and five on sugar charcoal, and number six 
on charcoal made from purified filter paper. Each variety of carbon 
was submitted to elaborate processes of purification, and all weights were 





*Ann.-Chim. Phys. (5), 26, 136. Zeit. Anal. Chem., 22, 306. 1883. Compt. Rend., 94, 1180. 1882. 
+ Bull. Soc. Chim., 42, 100, 1884. 


ft Compt. Rend., 100, 52. 1885. 
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reduced to vacuum standards. The data, with ash deducted, are sub- 


joined : 
I, 5.1217 grm. C gave 18.7780 CO,,. 2.6664. 
2. 9.0532 es BoeLO Rim 2.6664 
3. 13.0285 i AVeOOl Wee 2.6663 
Ae JN AE o ABtO2T OMe 2.6660 
Ree LOuns 35 a TOSUZC ON ice 2.6055 
6. 4.4017 es NOVA 5 2) es 2.6657 





Mean, 2.6660, + .0oo1 


This combines with the previous series thus: 


DumaAsiaudnstaswiirst setae eee eee 2.6683, - .0065 
Dumasiand) Stasy secomdisetees aes. eels 2.66985, + .0013 
Dumasvandsstasthincusetaremene eee re .. 2.6665, = .0007 
Erdmann and Marchand, first set.......... 2.6636, + .0007 
Erdmann and Marchand, second set....... , 2.6637, -+ .0009 
IROSCOE) eos .c ee RNS eRe er onsic el otal fier ar nicer ear 2.6654, -- .0006 
Brie deli sia, satanche Moree onic revers steicuoel aye sete 2.6634, -- .0004 
Vani.der Plaats) 73... Seater ols cess 2.6660, - .OOOI 

Genexallimeanteeueree eee ce cia 2.6659, =: .OOOI 


Another very exact method for determining the atomic weight of car- 
bon was employed by Stas* in 1849. Carefully purified carbon mo- 
noxide was passed over a known weight of copper oxide at a red heat, 
and both the residual metal and the carbon dioxide formed were weighed. 
The weighings were reduced to a vacuum standard, and in each experi- 
ment a quantity of copper oxide was taken representing from eight to 
twenty-four grammes of oxygen. The method, as will at once be seen, 
is in all essential features similar to that usually employed for determin- 
ing the composition of water. The figures in the third column, deduced 
from the weights given. by Stas, represent the quantity of carbon mo- 
noxide corresponding to one gramme of oxygen: 


9.265 grm, O = 25.483 CO,. 1.75046 

8.327 &s 222900)nas 1.75010 

1359439) an BS 23 \5lema 1.75040 

ARON 4e re BIL OR Sian 1.75008 “ 
18.763 ef 51.6055 ‘‘ 1.75039 
19.581 7 53.8465 “ 1.74994 
22.515 rs 61.926 ‘* 1.75043 

24.360 st 672008 RR 1.75053 





Mean, 1.75029, + .00005 


For the density of carbon monoxide the determinations made by 
Leduct are available. The globe used contained 2.9440 grm. of air. 


* Bull. Acad. Bruxelles, 1849 (1), 31. 
+ Compt. Rend., 115, 1072. 1893. 
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Filled with CO, it held the following weights, which give the accom- 
panying densities : 


Wt. CO. Density. 
2.8470 -96705 
2.8468 .96698 
2.8469 .90702 





Mean, .96702, + .000015 


Combining this density with Leduc’s determination of the density of 
hydrogen, 0.6948, + .00006745, it gives for the atomic weight of carbon: 


C=. 9 57, == 20270: 


Leduc himself combines the data with the density of oxygen, taken as 
1.10508, and finds C=11.913. In either case, however, the probable 
error of the result is so high that it can carry little weight in the final 
combination. 


For carbon, including all the foregoing series, we now have the sub- 
joined ratios : 


(1.) Per cent, Ag in silver acetate.... 64.636, + .0007 
(2.) ue fs tartrate.... 59.2806, + .0014 
(55)) as os racemate.. 59.2769, + .0012 
(4.) oe ‘ malate.... 62.0016, + .0096 
(5-) ae se benzoate... 47.125, = .0012 
(6,) Ag: CO, : : 1.00: 0.40723, + .000071 

(7.) €: O, 2: 1.00: 2.6659, + .coo1 

(3;), ©: CO: : 1.00: 1.75029, == .c0005 

(9.) Density of CO (air = 1), 0.96702, + .000015 


Now, computing with O = 15.879, + .0003, and Ag = 107.108, + .0031, 
we get nine values for the atomic weight of carbon, as follows: 


Sr GIR( Ue cra eA Res ceva ciara may eretele = 11.921, 


+ .0012 

PROMI (2) a vents cy tate aaah cia shos psec, aie, = O07 O09 

SLONIG (Qi) Sates aealte, of eye nyc ateiatavsereee es =) TInO73. =| OOL7, 

OMe (4) een tect orc le clon veto a a haierehareee iy == 11072) ==) 0008 

marian (Si eects n secteisterdoe ocie ss cies ates se *¢ — 11.917, - .0008 

p Brome (Gyre wth he 2 a.cteios lores steels os == Br7860; S2",0077 
IB GOMMA (AAs fiat: Hse es SF Jaane = ahahere cise ‘* == 41,913, + .0006 

ESTED (Sic ay oats) ha otesshayors = aheteiste apes rave = L914, -Ooro 
IEOMG(O)) Sine ee clam, de ieesinte, siete tae eile oie i Oh = O02 710 
(General im ean meter ar C = 11.920, + .0004 


If O = 16, this becomes C = 12.011. 
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SULPHUR. 


The atomic weight of sulphur has been determined by means of four 
ratios connecting it with silver, chlorine, oxygen, sodium and carbon. 
Other ratios have also been considered, but they are hardly applicable 
here. The earlier results of Berzelius were wholly inaccurate, and his 
later experiments upon the synthesis of lead sulphate will be used in 
discussing the atomic weight of lead. Erdmann and Marchand deter- 
mined the amount of calcium sulphate which could be formed from a 
known weight of pure Iceland spar; and later they made analyses of 
cinnabar, in order to fix the value of sulphur by reference to calcium and 
tomercury. Their results will be applied in this discussion toward ascer- 
taining the atomic weights of the metals just named. 

First in order let us take up the composition of silver sulphide, as 
directly determined by Dumas, Stas, and Cooke. Dumas’* experiments 
were made with sulphur which had been thrice distilled and twice crys- 
tallized from carbon disulphide. A known weight of silver was heated 
in a tube in the vapor of the sulphur, the excess of the latter was distilled 
away in a current of carbon dioxide, and the resulting silver sulphide 
was weighed. 

I subjoin Dumas’ weighings, and also the quantity of Ag,S proportional 
to 100 parts of Ag, as deduced from them: 


9.9393 grm. Ag = 1.473 8. Ratio, 114.820 
9.962 “s TAVIS Sue BG) nlizieoy 
30.637 a An540) SS ELIARS SS 
30.936 = Ans oOnm. 06) 114, 824: 
30.720 es AMSG ay ice CTS 2H! 


Mean, 114.8234, + .0029 


Dumas used from ten to thirty grammes of silver in each experiment. 
Stas, + however, in his work employed from sixty to two hundred and 
fifty grammes at a time. Three of Stas’ determinations were made by 
Dumas’ method, while in the other two the sulphur was replaced by pure 
sulphuretted hydrogen. In all cases the excess of sulphur was expelled 
by carbon dioxide, purified with scrupulous care. Impurities in the 
dioxide may cause serious error. The five results come out as follows 
for 100 parts of silver: 

114.854 
114.853 
114.854 
114.851 
114.849 


Mean, 114.8522, + .0007 


* Ann. Chem. Pharm., 113, 24. 1860. 
+ Aronstein’s translation, p. 179. 
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The experiments made by Professor Cooke * with reference to this ratio 
were only incidental to his elaborate researches upon the atomic weight 
of antimony. They are interesting, however, for two reasons: they serve 
to illustrate the volatility of silver, and they represent, not syntheses, 
but reductions of the sulphide by hydrogen. Cooke gives three series of 
results. In the first the silver sulphide was long heated to full redness 
in a current of hydrogen. Highly concordant and at the same time 
plainly erroneous figures were obtained, the error being eventually traced 
to the fact that some of the reduced silver, although not heated to its 
melting point, was actually volatilized and lost. The second series, from 
reductions at low redness, are decidedly better. In the third series the 
sulphide was fully reduced below a visible red heat. Rejecting the first 
series, we have from Cooke’s figures in the other two the subjoined quan- 
tities of sulphide corresponding to 100 parts of silver: 


7.5411 grm. Ag,S lost .9773 grm. S, Ratio, 114.889 


5.0364 i [0524e Selle soe 
2.5815 ae 345. 2 SS LLA ooo 
2.6130 -: Boye SeLi4 soz 
2.5724 ss E2034) est Se IA .Sor 





Mean, 114.888, + .oo12 


1.1357 grm. Ag,S lost .1465 S. Ratio, 114.810 
1.2936 os OZ On Sey o2e 


Mean, 114.8165, + .0044 


Now, combining all four series, we get the following results: 


HOUTA See Se pets we se ee me ee Ryn SEAN A 114.8234, + .0029 
STEAG SD Bo ee ic Iai ORa  ae 114.8522, + .0007 
Coolkeiss2 dene see tolerant 114,888, + .oo12 
Gooke’s 3d... .. Felaaiskteoote eis we ieee 114.8165, + .0044 


Bees eoraraioue Levante el oeaelichs 114.8581, + .0006 


Here again we encounter a curious and instructive compensation of 
errors, and another evidence of the accuracy of Stas. 

The percentage of silver in silver sulphate has been determined by 
Struve and by Stas. Struve + reduced the sulphate by heating in a cur- 
rent of hydrogen, and obtained these results : 


5.1860 grm, Ag,SO, gave 3.5910 grm. Ag. 69.244 per cent. 

6.0543 SF 4.1922 as Gos2425) Ss 

8.6465 pone 5.9858 = Go422 87s 
11.6460 ss $.0608 “ Gor215) 

9. 1090 a 6.3045 ss 60.212 ates 

9.0669 6 2778 <¢ 695220) 15: 





Mean, 69.230, + .004 





* Proc. Amer. Acad. of Arts of Sciences, vol. 12. 1877. 


f Ann. Chem. Pharm., 80, 203. 1°51. 
6 
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Stas,* working by essentially the same method, with from 56 to 83 
erammes of sulphate at a time, found these percentages: 


69.200 
69.197 
69.204 
69.209 
69.207 
69.202 





Mean, 69.203, + .0012 


Combining this mean with that from Struve’s series, we get a general 
mean of 69.205, + 0011. 

The third sulphur ratio with which we have now to deal is one of 
minor importance. When silver chloride is heated in a current of sul- 
phuretted hydrogen the sulphide is formed. This reaction was applied 
by Berzelius f to determining the atomic weight of sulphur. He gives 
the results of four experiments; but the fourth varies so widely from the 
others that I have rejected it. I have reason to believe that the varia- 
tion is due, not to error in experiment, but to error in printing; never- 
theless, as I am unable to track out the cause of the mistake, I must 
exclude the figures involving it entirely from our discussion. 

The three available experiments, however, give the following results - 
The last column contains the ratio of silver sulphide to 100 parts of 
chloride. 


6.6075 grm. AgCl gave 5.715 grm. Ag,S. 86.478 
9.2323 a EO S825 ae 86.471 
10,1775 « 8.80075 ‘ 86 472 





Mean, 86.4737, -— .0015 


We have also a single determination of this value by Svanberg and 
Struve.t After converting the chloride into sulphide they dissolved ‘the 
latter in nitric acid. A trifling residue of chloride, which had been 
enclosed in sulphide, and so protected against change, was left undis- 
solved. Hence a slight constant error probably affects this whole ratio. 
The experiment of Svanberg and Struve gave 86.472 per cent. of silver 
sulphide derived from 100 of chloride. If we assign this figure equal 
weight with the results of Berzelius, and combine, we get a general mean 
of 86.4733, + .0011. 

The work done by Richards § relative to the atomic weight of sulphur 
is of a different order from any of the preceding determinations. Sodium 
carbonate was converted into sodium sulphate, fixing the ratio Na,CO,: 
Na,SO,::100:2. The data are as follows, with vacuum weights: 


* Aronstein’s translation, pp. 214-218. 

} Berzelius’ Lehrbuch, 5th ed., vol. 3, p. 1187. 
ft Journ. Prakt. Chem., 44, 320. 1848. 

@ Proc. Amer. Acad., 26, 268. 1891. 
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Na,CO3. Na,SOj,. Ratio. 

1.29930 1.74113 134.005 
3.18620 4.26790 133-950 
I,01750 1.36330 133.985 
2.07680 2.78260 133.985 
1.22427 1.63994 133.952 
1.77953 2.38465 134.005 
2.04412 2.73920 134.004 
3.06140 4.10220 133 


997 





Mean, 133.985, + .0055 


The available ratios for sulphur are now as follows: 


(1.) Ag, : Ag,S :: 100: 114.8581, + .0006 
(2.) Per cent. Ag in Ag,SO,, 69.205, + .oo1! 


(3:) 2-AgCl:, Ag,S*\: 100 = 86.4733; += .OOLl 
(4.) Na,CO, : Na,SO, : : 100 : 133.985, - .0055 


From these ratios, four values for the atomic weight of sulphur are 
deducible. Calculating with— 





OP i5eS/7.0,1 = 0008 

Ag =I07.108, + .0031 

Cl = 35-179, = .0048 

Na = 22,881, + .0046 

Cy — F-09205 == 0004! 

AgCl = 142,287, ++ .0037, 

we have: 

IB CHETIN( EtAc card scecec AES eat a ares ates eta a S = 31.828, + .0016 
KOM y (2) eek) vsiasave ehsie ieee el cleisate eset ae “ — 31.806, + .0048 
OMI (Bi) ravens hy tp s\ileestrova sslctonestsieeesay ele Pare ‘«— 31.864, + .0086 
IESE OTINY (A!) vera Rrencerssptieps kaye seers eaisle sale «6 = 31.835, + .O101 
Generalymeannemear seen acct 5 = 31.828, + .0015 


If O = 16, S = 82.070. From Stas’ ratios alone, Stas found 32.074; 
Ostwald, 32.0626; Van der Plaats, (A) 32.0576, (B) 82.0590, and Thom- 
sen, 32.0606. Here again Stas’ determinations far outweigh all others. 
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LITHIUM. 


The earlier determinations of the atomic weight of lithium by Arfved- 
son, Stromeyer, C. G. Gmelin, and Kralovanzky were all erroneous, 
because of the presence of sodium compounds in the material employed. 
The results of Berzelius, Hagen, and Hermann were also incorrect, and 
need no further notice here. The only investigations which we need to 
consider are those of Mallet, Diehl, Troost, Stas, and Dittmar. 

Mallet’s experiments * were conducted upon lithium chloride, which 
had been purified as completely as possible. In two trials the chloride 
was precipitated by nitrate of silver, which was collected upon a filter 
and estimated in the ordinary way. The figures in the third column 
represent the LiCl proportional to 100 parts of AgCl: 


7.1885 grm, LiCl gave 24.3086 grm. AgCl. 29.606 
8.5947 i 29.0621 29.574 


In a third experiment the LiCl was titrated with a standard solution 

of silver. 3.9942 grm. LiCl balanced 10.1702 grm. Ag, equivalent to 

8.511 grm. AgCl. Hence 100 AgCl = 29.568 LiCl]. Mean of all three 
experiments, 29.581, + .0087. 

Diehl.t whose paper begins with a good résumé of all the earlier 
determinations, describes experiments made with lithium carbonate. 
This salt, which was spectroscopically pure. was dried at 180° before 
weighing. It was then placed in an apparatus from which the carbon 
dioxide generated by the action of pure sulphuric acid upon it could be 
expelled, and the loss of weight determined. From this loss the follow- 
ing percentages of CO, in Li,CO, were determined : 


59.422 
59.404 
59.440 
59.401 





Mean, 59.417, -+ .006 


Diehl’s investigation was quickly followed by a confirmation from 
Troost.t This chemist, in an earlier paper,§ had sought to fix the atomic 
weight of lithium by an analysis of the sulphate, and had found a value 
not far from 6.5, thus confirming the results of Berzelius and of Hagen, 
who had employed the same method. But Diehl showed that the BaSO, 
precipitated from Li,SO, always retained traces of Li, which were recog- 





* Silliman’s Amer. Journal, November, 1856. Chem. Gazette, 15, 7. 
+ Ann. Chem, Pharm., 121, 93. 

t Zeit. Anal. Chem., 1, 402. 

2 Annales d, Chim. et d. Phys., 51, 108. 
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nizable by spectral analysis, and which accounted for the error. In the 
later paper Troost made use of the chloride and the carbonate of lithium, 
both spectroscopically pure. The carbonate was strongly ignited with 
pure quartz powder, thus losing carbon dioxide, which loss was easily 
estimated. The subjoined results were obtained : 


.970 grm. Li,CO, lost .577 grm. CO,. 59.485 per cent. 
1.782 . T0590) 1; 59.427 “ 





Mean, 59.456, + .020 


The lithium chloride employed by Troost was heated in a stream of 
dry hydrochloric acid gas, of which the excess, after cooling, was ex- 
pelled by a current of dry air. The salt was weighed in the same tube 
in which the foregoing operations had been performed, and the chlorine 
was then estimated as silver chloride. The usual ratio between LiCl 
and 100 parts of AgCl is given in the third column: 


1.309 grm. LiCl gave 4.420 grm. AgCl, 29 615 
2.750 sy 9.300 “ 29.5790 





Mean, 29.5925, + .O145 


This, combined with Mallet’s mean, 29.581, + .0087, gives a general 
mean of 59.584, + .0075. 

Next in order is the work of Stas,* which was executed with his usual 
wonderful accuracy. In three titrations, in which all the weights were 
reduced to a vacuum standard, the following quantities of LiCl balanced 
100 parts of pure silver : 

39-356 
39-357 
39-361 





Mean, 39.358, -— .OOI 


In a second series of experiments, intended for determining the atomic 
weight of nitrogen, LiCl was converted into LiNO,. The method was 
that employed for a similar purpose with the chlorides of sodium and 
of potassium. One hundred parts of LiCl gave of LiNO,: 


162.588 
162.600 
162.598 


Mean, 162.5953, -—- .0025 





The determinations of Dittmar} resemble those of Diehl; but the 
lithium carbonate used was dehydrated by fusion in an atmosphere of 
carbon dioxide. The carbonate was treated with sulphuric acid, and 








* Aronstein’s translation, 279-302. 
+ Trans. Roy. Soc. Edinburgh, 35, II, 429. 1889. 
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the CO, was collected and weighed in an absorption apparatus, which 
was tared by a similar apparatus after the method of Regnault. The 
following percentages of CO, in Li,CO, were found: 


59.601 
59.645 
59-529—rejected. 
59.055 
59.683 
59.604 
59.517 
59.663 
60,143—rejected. 
59.794 
59-584 





Mean of all, 59.674 


Rejecting the two experiments which Dittmar regards as untrust- 
worthy, the mean of the remaining nine becomes 59.638, + .0173. This 
combines with the work of Diehl and Troost, as follows: 





1B (alo Rees aiomaecscecy cieeats ou cottons Gere eeate 59.417, + .0060 
WOOSE Sak etayershh Sire bale omer ene scat areata 59.456, + .0200 
Dittinarss soiree See tres Releteta eit 59.638, + .0173 

Generalimean er earner rane 59.442, + .0054 


Dittmar’s determinations give a much lower value for the atomic 
weight. of lithium than any of the others, and therefore seem to be ques- 
tionable. As, however, they carry httle weight in the general combina- 
tion, it is not necessary to speculate upon their possible sources of error. 

The ratios for lithium are now as follows: 


itp)) 
Pa) Nee IUKON 2 8 wWeley g Ze. Biss), S= KOOL, 

3.) LiGl 3 eNOZ7:y: LOO}: 16259535 =).0025 
4.) Per cent. of CO, in Li,CO,, 59.442, + .0054 


( AgCl: LiCl: : 100 : 29.584, + .0075 
( 
( 
( 


And the data to use in their reduction are— 


OH 5287.9)) == 00038 N ==) 12,035 9-005 
Agi T1O7, 105, =—).0081 c = I1.920, + .0004 
Cl = 35.179, == .0048 AgCl] = 142.287, + .0037 


These factors give two values for the molecular weight of lithium 
5 DS 
chloride, thus: 


From a (Lie de eden coho tae ee ene LiCl = 42.0942, + 
Promo(2)o..sact ant omar paaniaae “= 42,1556, + .o016 


(Ceneralpmeanye eee LiCl = 42,1542, + .oo16 
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For lithium itself there are three values : 


From molecular weight LiCl.......... Li = 6.9752, + .0051 
HO Talus (C3) ey tah deee, seedy ha rateca ve lohe bree S010 O55 O20 
WCORH AN CRAM oS Pac co PRET yacht “ — 6.9628, + .0077 
Ceneralimeanh eerste reece: Li = 6.9729, + .0040 
Lt O = 16, Li = 7.026. From Stas’ ratios, Stas found Li = 7.022; Ost- 


wald, 7.0303; Van der Plaats (A), 7.0273; (B), 7.0235; i MURS meen, 
7.0307. 


RUBIDIUM. 


The atomic weight of rubidium has been determined by Bunsen, Pic- 
eard, Godeffroy, and Heycock from analyses of the chloride and bromide. 

Bunsen,* employing ordinary gravimetric methods, estimated the ratio 
between AgCl and RbCl. His rubidium chloride was purified by frac- 
tional crystallization of the chloroplatinate. He obtained the following 
results. to which, in a third column, I add the ratio between RbCl and 
100 parts of AgCl: 


One grm. RbCl gave 1.1873 grm. AgCl. 84.225 
sf 1.1873 as 84.225 
ve 1.1850 oF 84.388 
ae 1.1880 oe 84.175 





Mean, 84.253, - .031 


The work of Piccard was similar to that of Bunsen. In weighing, 
the crucible containing the silver chloride was balanced by a precisely 
similar crucible, in order to avoid the correction for displacement of air. 
The filter was burned separately from the AgCl, as usual; but the small 
amount of material adhering to the ash was reckoned as metallic silver. 
The rubidium chloride was purified by Bunsen’s method. The results, 
expressed according to the foregoing standard, are as follows: 


1.1587 grm, RbCl = 1.372 AgCl + .oo1g Ag. 84.300 
1.4055 ee ImOOS2 ee BOOB OM ae 84.303 
1,001 ss ma titsietey | OS ,0024 “S 84.245 
1.5141 se L934 SOON 84.313 





Mean, 84.290, + .O105 


Godeffroy,{ starting with material containing both rubidium and 








*Zeit. Anal. Chem., 1, 136. Poggend. Annal., 113, 339. 1861 
7 Journ. fiir Prakt. Chem., 86, 4-4. 1862. Zeit. Anal. Chem, 1, 518, 
tAnn. Chem. Pharm., 181, 185. 1876. 
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cesium, separated the two metals by fractional crystallization of their 
alums, and obtained salts of each spectroscopically pure. The nitric 
acid employed was tested for chlorine and found to be free from that 
impurity, and the weights used were especially verified. In two of his 
analyses of RbCl the AgCl was handled by the ordinary process of filtra- 
tion. In the other two it was washed by decantation, dried, and weighed 
in a glass dish. The usual ratio is appended in the third column: 


1.4055 grm, RbCl gave 1.6665 grm, AgCl. 84.338 
1.8096 ui 2.1461 es 84 320 
2.2473 uf 2,665 ee $4.326 
2.273 ss 2.6946 $4.354 





Mean, 84.3345, + .0051 


Combining the three series, we get the following result: 


BUNSEN eae eee blesses 84.253, -E .031 Rb = 84.702 
Biccand Sec ctcsreetent aden 84.290, + .O105 SS OAM TInAl 
Godeiroygeer eae 84.3345, — -O051 OO = SVL 


General mean..,... 84.324, =b .0045 


Heycock * worked by two methods, but unfortunately his results are 
given only in abstract, without details. First, silver solution was added 
in slight deficiency to a solution of rubidium chloride, and the excess 
of the latter was measured by titration. The mean of seven experiments 
gave— 

Ag: RbC1: : 107.93 : 120.801 


Hence Rb = 84.702. 


Two similar experiments with the bromide gave— 


Ag: RbBr : : 107.93 : 165.437 
Ag: RbBr: : 107.93 : 165.342 


Mean, 165.3895, -—+ .0320 


There are now three ratios for the metal rubidium, as follows: 


(1.) AgCl: RbCl: : 100: 84.324, + .0045 
(2.) Age RbCl: = 107.93): 120.301 
(3.) Ag: RbBr : : 107.93 : 165.3895, -_ .0320 


To reduce these ratios we have— 


Ag = 107.108, + .0031 
Br = 79.344, + .0062 
Cl as Sel 7Os == 0045 
Ag Cli 142.287.0087 





* British Association Report, 1882, p. 499. 
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For the molecular weight of RbCl, two values are calculable: 





YONI (U))ree rleterctefars tora seta cs yatersitenete RbCl = 119.981, + .o109 
PROMI 2) Mame sidie sea hele avails SS == 119,881, + .0218 
Ceneralemeaneeseee eee RbCl = 119.961, + .0097 


To the value from ratio (2) I have arbitrarily assigned a weight rep- 
resented by the probable error as written above. The data for system- 
atic weighting are deficient, and no other course of procedure seemed 
advisable. 


BrOmgRD EIA. Meaia ct tes eevee aiceie a see Rb = 84.782, + .o109 
From IR bIsY, Catio) (3))'/./s,.:2iara4 a's = tees “== 84,5786, += .0329 
Generalémeannnre eerie aan: Rb = 84.783, + .0103 


If O= 16, Rb = 85.429. 


CASSIUM. 


The atomic weight of cesium, like that of rubidium, has been deter- 
mined from the analysis of the chloride. The earliest determination, 
by Bunsen,* was incorrect, because of impurity in the material employed. 

In 1868 Johnson and Allen published their results. Their material 
was extracted from the lepidolite of Hebron, Maine, and the cesium was 
separated from the rubidium as bitartrate. From the pure cesium 
bitartrate czesium chloride was prepared, and in this the chlorine was 
estimated as silver chloride by the usual gravimetric method. Reducing 
their results to the convenient standard adopted in preceding chapters, 
we have, in a third column, the quantities of CsCl equivalent to 100 
parts of AgCl: 


1.8371 grm. CsCl gave 1.5634 grm. AgCl. 117.507 
2.1295 uc 1.8111 e 117.580 
2.7018 es 2.2992 we 117.511 
1,56165 1.3302 “s 117.399 





Mean, 117.499, + .025 


Shortly after the results of Johnson and Allen appeared a new series 
of estimations was published by Bunsen.{ His cesium chloride was 
purified by repeated crystallizations of the chloroplatinate, and the ordi- 





+ Zeit. Anal, Chem., 1, 137. 
+ Amer. Journ. Sci. and Arts (2), 35, 94. 
t Poggend. Annalen, 119, 1. 1863. 
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nary gravimetric process was employed. The following results represent, 
respectively, material thrice, four times, and five times purified : 
1.3835 grm. CsCl gave 1.1781 grm, AgC], Ratio, 117.435 


1.3682 ef 1.1644 oe A ela OR 
1.2478 st 1.0623 es SO MeTeleAo2 





Mean, 117.467, + .013 


Godeffroy’s work * was, in its details of manipulation, sufficiently 
described under rubidium. In three of the experiments upon cesium 
the silver chloride was washed by decantation, and in one it was col- 
lected upon a filter. The results are subjoined : 


1.5825 grm. CsCl gave 1.351 grm. AgC]. Ratio, 117.135 


1.3487 os 1.1501 a Ll a205 
1, 1880 ne I.OI4I a SS Tun pila 
1.2309 ee 1,051 “ SrA onl 





Mean, 117.164, + .023 


We may now combine the three series to form a general mean : 


Johnson and Allen .... 117.499, + .025 Cs = 132.007 

BUNSENae ee tee 117.467, + .013 0 SS 1a noou 

Godetiroy ae sees ee I17.164, + .023 oS SS Tt. Hoe 
General mean... I17.413, + .o10 


Elence;, if AgCl == 142.28 7,22 .0037, and (Cl — 35,179) 22.0048) Cs;— 
131.885, + .0142. 
it OG C3 — 32.800: 





* Ann, Chem. Pharm., 181, 185. 1876. 
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COPPER. 


The atomic weight of copper has been chiefly determined by means of 
the oxide, the sulphate, and the bromide, and by direct comparison of 
the, metal with silver. 

In dealing with the first-named compound all experimenters have 
agreed in reducing it with a current of hydrogen, and weighing the 
metal thus set free. 

The earliest experiments of any value were those of Berzelius,* whose 
results were as follows: 


7.68075 grm, CuO lost 1.55 grm. O. 79.820 per cent, Cu in CuO. 
9.6115 se TeO3Oy emi 79.826 a6 as 





Mean, 79.823, - .002 


Erdmann and Marchand,t who come next in chronological order, 
corrected their results for weighing in air. Their weighings, thus cor- 
rected, give us the subjoined percentages of metal in CuO: 


63.8962 grm, CuO gave 51.0391 grm, Cu. 79.878 per cent. 
65.1590 sf 52.0363 ee 79.860 ‘“ 
60.2878 ‘s 48.1540 ne 7OrS74 ae 
46.2700 is 36.9449“ 79.846“ 


Mean, 79.8645, + .0038 


Still later we find a few analyses by Millon and Commaille. | These 
chemists not only reduced the oxide by hydrogen, but they also weighed, 
in addition to the metallic copper, the water formed in the experiments. 
In three determinations the results were as follows: 


6.7145 grm, CuO gave 5.3565 grm, Cu and 1.5325 grm. H,O. 79.775 per cent. 
3-3945 i 2.7085 ss 7080" SS T97O e 
2.7880 a 2.2240 ss 7.05777) Oe 





Mean, 79.7787, + .0043 


For the third of these analyses the water estimation was not made, 
but for the other two it yielded results which, in the mean, would make 
the atomic weight of copper 62.680. This figure has so high a probable 
error that we need not consider it further. 

The results obtained by Dumas § are wholly unavailable. Indeed, he 
does not even publish them in detail. He merely says that he reduced 
copper oxide, and also effected the synthesis ofthe subsulphide, but with- 
out getting figures which were wholly concordant. He puts Cu = 63.5. 





* Poggend. Annal., 8,177. 1826. 

} Journ. fiir Prakt. Chem., 31, 380. 1844. 
t Fresenius’ Zeitschrift, 2, 475. 1863. 

2 Ann. Chim. et Phys. (3), 55, 129. 1859. 
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In 1873 Hampe* published his careful determinations, which were 
for many years almost unqualifiedly accepted. First, he attempted to 
estimate the atomic weight of copper by the quantity of silver which 
the pure metal could precipitate from its solutions. This attempt failed 
to give satisfactory results, and he fell back upon the old method of 
reducing the oxide. From ten to twenty grammes of material were 
taken in each experiment, and the weights were reduced to a vacuum 


standard : ° 
20,3260 grm, CuO gave 16,2279 grm, Cu, 79.838 per cent. 
20.68851 16.51669 ‘<‘ 711 S3 5a mes 
10. 10793 “ 8.06926 =“ Qe lt nk 





Mean, 79.8347, + .0013 


Hampe also determined the quantity of copper in the anhydrous sul- 
phate, CuSO,. From 40 to 45 grammes of the salt were taken at a time, 
the metal was thrown down by electrolysis, and the weights were all 
corrected. I subjoin the results: 


40.40300 grm. CuSO, gave 16.04958 grm. Cu. 39.724 per cent. 
44.64280 ss 17.73466 cis 3 ON7/2 OMe 





Mean, 39.725, + .0007 


The last series of data gives Cu = 62.839, + .0035, and is interesting 
for comparison with results obtained by Richards later. 

In all of the foregoing experiments with copper oxide, that compound 
was obtained by ignition of the basic nitrate. But,as was shown in the 
chapter upon oxygen, copper oxide so prepared always carries occluded 
gases, which are not wholly expelled by heat. This point was thoroughly 
worked up by Richards f in his fourth memoir upon the atomic weight 
of copper, and it vitiates all the determinations previously made by this 
method. : 

By a series of experiments with copper oxide ignited at varying tem- 
peratures, and with different degrees of heat during the process of reduc- 
tion, Richards obtained values for Cu ranging from 63.20 to 63.62, when 
O16. In two cases selected from this series he measured the amount 
of gaseous impurity, and corrected the results previously obtained. The 
results were as follows, with vacuum standards : 


1.06253 grm. CuO gave. .84831 grm, Cu. 79.802 per cent. 
1,91656 of 1.5298 ss 7OLOZO Nw as 





Mean, 79.811, + .0061 


Correcting for the occluded gases in the oxide. the sum of the two 
experiments gives 79.901 per cent. of copper, whence Cu = 63.605. Three 





* Fresenius’ Zeitschrift, 13, 352. 
7 Proc. Amer. Acad., 26, 276. 1891. 
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other indirect results, similarly corrected, gave 79.900 per cent. Cu in 
CuO, or Cu = 68.603. If we assign all five experiments equal weight, 
and judge their value by the two detailed above, the mean percentage 
becomes 79.900, + .0058. This figure need not be combined with the 
data given by previous observers, so far as practical purposes are con- 
cerned; but as this work is, in part at least, a study of the compensation 
of errors, it may not be wasted time to effect the combination, as follows: 


+0020 


IBECZEMU SR een tench treks cre er eha No oy scohoones 1793023) == 
Erdmann and Marchand................ 79.8645, + .0038 
Millonrand’Commiailles see. nese eels sane 79.7787, — .0043 
Earp eee iae ON Sielaerse”. eine Tho ae 79.8347, + .0013 
IRC HATS eye teeercrrseasiar neve ionehesiers |e tote conteteee 79.900, + .0038 
Generalumeanhermcrs ner ate ae 79.8355, — .0010 


This result is practically identical with that of Hampe, whose work 
receives excessive weight, as does also that of Berzelius. The oxide of 
copper is evidently of doubtful value in the measurement of this atomic 
weight. 

The composition of the sulphate has been studied, not only by Hampe, 
but also by Baubigny * and by Richards.t Baubigny merely ignited 
the anhydrous salt, weighing both it and the residual oxide, as follows: 

4.022 grm, CuSO, gave 2.0035 CuO. 49.813 per cent, 
2.596 a T2030) we AQESO7 re 





Mean, 49.810, + .002 


The same ratio, in reverse—that is, the synthesis of the sulphate from 
the oxide—was investigated by Richards (p. 275), who shows that the 
results obtained are vitiated by the same errors which affect the copper 
oxide experiments previously cited. The weights given are reduced to 
vacuum standards. The percentage of oxide in the sulphate is stated in 
the third column of figures. 





1.0084 grm, CuO gave 2.0235 grm. CuSO,. 49.835 per cent. 

2.7292 i: 5.4770 5 49.830 * 

1.0144 sf 2.0350 se 49.848 ‘ 
Mean, 49.838, + .0036 

The two series combine thus: 

Baubigny.......- Hee er Monel Noo E Foe cayayereiciaare Systane 49.810, + .0020 
[eiehiancl Saeeneence ee hers Srey Neernt oe un me canee fe tae se 49.838, + .0036 
(Ceneralemeant er vevan ere aioe 49.816, + .0017 


Here, plainly, the rigorous discussion gives Baubigny’s work weight 
in excess of its merits. 





* Compt. Rend., 97, 906. 1883. 
j Proc. Amer. Acad., 26, 240. 1891. 
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In the memoir by Richards now under consideration, his fourth upon 
copper, the greater part of his attention is devoted to the sulphate, 
Hampe being followed closely in order to ascertain what sources of 
error affected the work of the latter. Crystallized sulphate, CuSO,.5H,O 
was purified with every precaution and made the basis of operations. 
Three series of experiments were carried out, the water being determined 
by loss of weight upon heating, and the copper being estimated electro- 
lytically. In the first series the following data were found, the weights 
being reduced to a vacuum, as in all of Richards’ determinations : 


CuSO, 5 a9. CuSO; at 250°: Cu. 
Tistanecyerereivc ce stare ORS OEE ee Tami overeat! ESTE 
Dik Re Anarucuset berets 25 U5 ene a aaa 6911 
Ro dareeeseuaereraier 3.4639 2.2184 8817 


Hence the subjoined percentages. 


Water at 250°. Cuin Cryst. Salt. Cu in CuSO,. 


Tek Sa a ears een ee ane 25. AO2 et ie se 
Did eect ee ieeiaiee Lehieer iets 2ISRAIR2 Is: GyRene tater ener 
Be a ioks etn emorets 35.958 25.454 39-745 





Mean, 25.456 


In the second series of analyses, which are stated with much detail, 
several refinements were introduced, in order to estimate also the sul- 
phuric acid. These will be considered later. The results, given below, 
are numbered consecutively with the former series. 


CGuS OGG GUS O nat 260 GUS Opairs 002. Cu. 


A) Stee. Sen aha shee tetera eet ste 3.06006 1.9597 1.95637 -77886 
Gi ees cice, cisticas Priatowestexexetoro. ate 2.81840 THSOAG! VOR Taree tie .71740 
OW ererayctaarontecletete Creuset create 7.50490 4.8064 4.79826 1.90973 


Hence percentages as follows: 
Water, 260°. Water, 360°. Cuin Cryst. Salt. Cuin CuSO,, 260°. Ditto, 360.° 

















Tiptree 35-959 36.068 25.452 39-744 39.811 
Gera ZGCOOAUN hae tenes ate: 25.454 BOHT SON - Vhgtin el aneer ins 
On eens 35.957 36.065 25.446 39-733 39-799 

Mean, 35.960 36.067 25.450 39.742 39.805 


Hampe worked with a sulphate dried at 250°, but these data show that 
a little water is retained at that temperature, and consequently that his 
results must have been too low. The third of Richards’ series resembles 
the second, but extra precautions were taken to avoid conceivable errors. 


GuSOQ 5 age "EwSONat 2607s \CuSOVang7o> Cu. 


Taser caalcrocseet rere eee ete Aye SO BOT Me nn ween Se ne Weteretracrers -73380 
OF ciasshe ceroersne tebe titste asa ermtele e's 3.62913 2 UZO SQN AY is motes ee -92344 
Ofsragai els Sapateny? she eaters aaeleyeet AST 5 Si. ae at tc aeecd es 3.71680 1.47926 
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And the percentages are: 


Water at 260°. At370°. Cuin Cryst. Salt. Cu in CuSO,. 





Git ERR Nhe cut sien oC aL 9 ZINA ONY Hy) kul tettras® 

METS sis) ceca te es BELO TOM. emt boon 25.446 39-740 (260°) 

RT te oii ope ciel a ctsieticugisri  etsuess fs 36.067 25-445 39-799 (370°) 
25.448 


In this series the determinations of sulphuric acid gave essentially the 
same results for all three samples of sulphate, although one was not 
dehydrated, and the others were heated to 260° and 370° respectively. 
Hence the loss of weight in dehydration at either temperature represents 
water only, and does not involve partial decomposition of the sulphate. 
Between 360° and 400° copper sulphate is at*essentially constant weight, 
but further experiments indicated that even at 400° it retained traces of 
water, and possibly as much as .042 per cent. The last trace is not ex- 
pelled until the salt itself begins to decompose. 

Richards also effected two syntheses of the sulphate directly from the 
metal by dissolving the latter in nitric acid, then evaporating to dryness 
with sulphuric acid, and heating to constant weight at 400°. 


.67720 grm, Cu gave 1.7021 grm, CuSQ,. 39.786 per cent. Cu. 
1.00613 - 2.5292 < 39.781 ae 


If we include these percentages in a series with the data from analyses 
4, 6, and 9, which gave percentages of 39.811, 39.799, and 39.799 respect- 
ively of copper in sulphate dried at 860° and upwards, the mean becomes 


CuSO, : Cu: ; 100 : 39.795, + .0036 


Since even this result is presumably too low, the other figures from 
sulphate dried at 250° must be rejected. Since Hampe’s work on the 
sulphate is affected by the same sources of error, and apparently to a 
still greater extent, it need not be considered farther. As for Richards’ 
nine determinations of Cu in CuSO,.5H,O, we may take them as one 
series giving a mean percentage of 25.451, + .0011. This salt seems to 
retain occluded water, for the percentage of copper in it leads to a value 
for the atomic weight which is inconsistent with the best evidence, as 
will be seen later. 

In the second and third series of Richards’ experiments upon copper 
sulphate, the sulphuric acid was estimated by a method which gave 
valuable results. After the copper had been electrolytically precipitated, 
the acid which was set free was nearly neutralized by a weighed amount 
of pure sodium carbonate, and the slight excess remaining was deter- 
mined by titration. Thus the weight of sodium carbonate equivalent to 
the copper was ascertained. The resulting solution of sodium sulphate 
was then evaporated to dryness, and a new ratio, connecting that salt 
with copper, was also determined. The cross ratio Na,CO,: Na,SO, has 
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already been utilized in a previous chapter. The results, ignoring the 
weights of hydrated copper sulphate, are as follows, with the experiments 
numbered as before : 





Cu: Na,CO;. Na,SO, 
Ae etal .77886 1.2993 1.7411 
Oboe Srecsine mate sone 1.90973 3.1862 4.2679 
Ti secrave b Mebathee anaye -738380 1.22427 1.63994 
See Oe A eat ere -92344 DASA O75) Fe ieee ae 
Ore aera eetees « TAO 2 On teen uen testator. 3.30658 
Hence, 
Cu Na, GO. i JOO. Cb NG SO hOOn 2. 
166.824 223.549 
166,840 223.482 
166.840 223.538 
166,849 223.529 
Mean, 166.838, + .0035 Mean, 223.525, + .0008 


In one more experiment the sulphuric acid was weighed as barium 
sulphate, the latter being corrected for occluded salts. 3.1902 grm. 
CuSO,5H,O gave 2.9761 BaSO,; hence CuSO,5H,0 : BaSO,:: 100: 
.93.289. The sulphate contained 25.448 per cent. of Cu; hence BaSO,: 
Cu :: 93.289: 25.448. Still other ratios can be deduced from Richards’ 
work on the sulphate, but in view of the uncertainties relative to the 
water in the salt they are hardly worth computing. 

In his third paper upon the atomic weight of copper, * Richards studied 
the dibromide, CuBr, In preparing this salt he used hydrobromic 
acid made from pure materials, and further purified by ten distillations. 
This was saturated with copper oxide prepared from pure electrolytic 
copper, and the solution obtained was proved to be free from basic salts. 
As the crystallized compound was not easily obtained in a satisfactory 
condition, weighed quantities of the solution were taken for analysis, in 
which, after expulsion of bromine by nitric and sulphuric acids, the 
copper was determined by electrolysis. In other portions of solution 
the bromine was precipitated by silver nitrate, and weighed as silver 
bromide. The first preliminary series of experiments gave the subjoined 
results, with vacuum weights as usual: 


In 25 Grammes of Solution. 


Cu. Ag Br. 
4164 2.4599 
.4164 2.4605 
.4164 2.4605 
.4165 2.4599 


Hence 2 AgBr: Cu: :100:16.927, + .0018. 





* Proc. Amer. Acad., 25, 195. 18go. 
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The second, also preliminary series, was made with more dilute solu- 
tions, and came out as follows: 


In 25 Grammes of Solution. 


Cu. AgBr. 
.260190 1.5478 
.26185 1.5477 

1.5479 


Hence 2 AgBr: Cu: : 100: 16.919, + .0012. 
In the third series, two distinct lots of crystallized bromide were dis- 
solved, and the solutions examined in the same way. 


Cu. Ag Br. Ratio. 
.2500 1.4771 16.925 
-5473 3-2348 16.919 





Mean, 16.922, ++ .0020 


In the final set of analyses, the materials used were purified even more 
scrupulously than before, and the process was distinctly modified, as 
regards the determination of the bromine. The solution of the bromide 
was added to a solution of pure silver in nitric acid, not quite sufficient 
for complete precipitation. The slight excess of bromine was then 
determined by titration with a solution containing one gramme of silver 
to the litre. Thus silver proportional to the copper in the bromide was 
determined, and the silver bromide was weighed in a Gooch crucible as 
before. The results are subjoined: 


In 50 Grammes of Solution. 


Cu. Ag. Ag Br. 
54755 1.8586 3.2350 
-54750 1.8579 3-2340 

1.8583 3.2348 





Hence Cu: Ag, : : 100 : 839.392, + .0108, and 2 AgBr : Cu: : 100: 16.927, 
+ .0012. 

The latter ratio, combined with the results of the three preceding series, 
gives a general mean of: 


2 AgBr : Cu: : 100: 16.924, + .0007 


In his two earlier papers * Richards determined the copper-silver ratio 
directly—that is, without the weighing of any compound of either metal. 
By placing pure copper in an ice-cold solution of silver nitrate, metallic 
silver is thrown down, and the weights of the two metals were in equiv- 





* Proc. Amer. Acad., 22, 346, and 23,177. 1886 and 1887. 
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alent proportions. In the first paper the following results were obtained. 
The third column gives the value of «# in the ratio Cu: Ag,:: 100: 2. 


Cu Taken. Ag Found. Ratio. 


-53875 1.8292 339.527 
.56190 1.9076 339.491 
1.00220 3.4016 339.414 
1.30135 4.4173 339-440 
-99370 3.39935 339-477 
1.02050 3.4646 339.500 





by 


Mean, 339.475, — .O114 


In the second paper Richards states that the silver of the fifth experi- 
ment, which had been dried at 150°, as were also the others, still retained 
water, to the extent of four-tenths milligramme in two grammes. If we 
assume this correction to be fairly uniform, as the concordance of the 
series indicates, and apply it throughout, the mean value for the ratio 
then becomes 339.408, + .0114. This procedure, however, leaves the 
ratio in some uncertainty, and accordingly some new determinations 
were made, in which the silver, collected in a Gooch crucible, was heated 
to incipient redness before final weighing. Copper from two distinct 
sources was taken, and three experiments were carried out upon one 
sample to two with the other. Treating both sets as one series, the 
results were as follows: 


Cu Taken. Ag found. Ratio 
-75760 2.5713 339.40 
“95040 3.2256 339.39 
-75993 2.5794 339-42 

1.02060 3.4640 339.42 
.90460 3.0701 339.39 





Mean, 339.404, + .0046 


a value practically identical with the corrected mean of the previous 
determinations, and with that found in the later experiments upon 
copper bromide. 

In various electrical investigations the same ratio, the electrochemical 
equivalent of copper, has been repeatedly measured, and the later results 
of Lord Rayleigh and Mrs. Sidgewick.* Gray, Shaw, { and Vanni § may 
properly be included in this discussion. As the data are somewhat dif- 
ferently stated, I have reduced them all to the common standard adopted 
above. Gray gives two sets of measurements, one made with large and 
the other with small metallic plates: 


* Phil. Trans.. 175, 458. 

+ Phil. Mag. (5), 22, 389. 

{ British Assoc. Report, 1886. Abstract in Phil. Mag. (5), 23, 138. 
2 Ann. der Phys. (Wiedemann's) (2), 44, 214. 
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Rayleigh and S. Gray 7. Gray 2. Shaw. Vanni. 
340.483 341.297 340.252 339.68 340.483 
340.832 341.413 339.674 340.05 340.600 
340. 367 340.815 340.020 339.84 340. 367 
= 340.252 339.905 339-71 340.252 
340.561, 339-905 339-674 340.04 340.600 
+ .0935 341.064 339-328 339.94 340.136 

340.832 340.136 340.35 = 
341.297 340.136 339.82 340.406, 
341.064 340.136 340.09 + .0520 
341.413 340.020 339.84 
= 340.020 339.90 
340.935, 340.136 339.98 
SO 72 - 340.14 
339-953, 340.56 
= .0521 339.82 
339-983, 
a OAT 


The lack of sharp concordance in these data and the consequently 
high probable errors seem to indicate a distinct superiority of the purely 
chemical method of determination over that adopted by the physicist. 
The eight distinct series now combine as follows: 





Richards, first series corrected............. 339.408, + .0114 
iIRiemeaines, Se@enel SSS 5. cocccocccsas ..- 339.404, = .0046 
ieiichandses Cub tpeSenlesuemerei eter iets ee 339.392, + .0108 
Rayleigh and Sidgewick.... .-.. oi.) 340.561, + .0935 
Grave pwithel ance platesims siecle streets 340.935, == .1072 
Gray, with small platesm nite es 1c ss 339.953, + .0521 
SLAW setters Pe seiel aia a ake Snlces feces hatricn ehefe: 339.983, + .O4II 
VATA Rey Me PRED a spt rah cies Sie A airs fee 340.406, + .0520 

Generalimeanierysee caer eecrias 339.411, + .0039 


If we combine Richards’ three series into a general mean separately, 
we get 339.402, + .0040. Hence the other determinations, having high 
probable errors, practically vanish from the result, and it is a matter of 
indifference whether they are retained or rejected. 

We now have the following ratios from which to compute the atomic 
weight of copper: 


(z.) Percentage of Cu in CuO........4. 79.8355, -— .CO1O 
(2.) = of Cum CuSO; Oasis 39.795, -- .0036 
(gs) e of Cu in CuSO,, 5H,O.. 25.451, - .oor1 
(4.) es of CuO in CuSQ,....... 49.816, = .0017 


(Gap Gur-eNa CO: 100 : 166.838, + .0035 
(G))) Cus: NalsO,:: 3 100 2223-525, 27.0098. 
(7.) BaSO, : Cu: : 93.289 : 25.448. 

(8.) 2AgBr : Cu:: 100: 16,924, + .0007 


(Opp Cul-wAe 1) 10039820, 40i, = 0039 
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Reducing these ratios with the subjoined data: 


©) = 115.879), == .0008 Na = 22,881, + .0046 
Ag = 107.108, + .0031 Ba == 136.392) == .0086 
Sa eo 2oeOOmS Agbr = 186.452, + .0054 
C = 11.920, + .0004 


We have nine values for the atomic weight of copper. Since ratio (7) 
depends upon one experiment only, it is necessary to assign the value 
derived from it arbitrary weight. This will be taken as indicated by a 
probable error double that of the next highest, obtained from ratio (2). 
The values then are as follows: 


Prom i(h) ead suse. Se Serco ais ess Cu = 62.869, -- .0034 
inom |(2)\tr. avapatnion cosemrset ners Gistecicie ce ‘* — 63.022, + .0070 
Fromn(@ii. cree steeper arte ert ane ‘© — 63.070, -- .0030 
Firomiy(a) Part ere sacks Ao oan eerie tle «* — 63.003, + .0042 
ErOmaM (Gi) aeosrenet Vara otetencieere ete tense covert Soe —— OR alain OO 
Hrom),((6) a ueebtar Gee cI OaE etenn wie ete * — 63.128, + .0050 
Brom: (7) eave < siemens se ec == 63/2115, 3= -0140 
Brom ((S)= uses! cst «sce stores eee ileal ‘ = 63.110) += .0032 
Brom (QO) Patecracatecnr oc eee ears es “== 03,194, = ,00Z0 

Genera limed nS eee ee eee Cu = 63.070, + .0012 


If O=16, Cu= 68.550. If we include Hampe’s analyses of copper 
sulphate, which gave Cu = 62.839, + .0035, the general mean becomes 
Cu = 68.046, + .0011. 

The foregoing means, however, are significant only as showing the 
effect and weight of the older data upon the newer determinations of 
Richards. The seventh of the individual values is also interesting, for 
the reason that the experiment upon which it depends was published by 
Richards previous to his investigation of the atomic weight of barium. 
With the old value for Ba, 137, it gives a value for copper in close agree- 
ment with Richards’ other determinations. With the new value for 
barium it becomes discordant, although its weight is so low that it pro- 
duces no appreciable effect upon the final mean. 

Rejecting values 1 to 4, inclusive, the remaining five values give a gen- 
eral mean of : 

Gu — 637119; S= J0ors. 


If O = 16, this becomes 65 600, and in the light of all the evidence 
these figures are to be preferred. If, again, we combine with this mean 
the results of Richards’ work on the oxide and sulphate of copper, the 
final value becomes 

. Cn 1625108)-— Cole) 


and with O = 16, 63.589. This departs but little from the previous mean 
value, but it includes data which render it, in all probability, a trifle too 
low. The value Cu = 63.119 will be regarded as the best. 
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Among the early estimates of the atomic weight of gold the only ones 
worthy of consideration are those of Berzelius and Levol. 

The earliest method adopted by Berzelius* was that of precipitating 
a solution of gold chloride by means of a weighed quantity of metallic 
mercury. The weight of gold thus thrown down gave the ratio between 
the atomic weights of the two metals. In the single experiment which 
Berzelius publishes, 142.9 parts of Hg precipitated 93.55 of Au. Hence 
pee — 200, Au = 196.397. 

In a later investigation f Berzelius resorted to the analysis of potassio- 
auric chloride, 2KCl.AuCl,. Weighed quantities of this salt were ignited 
in hydrogen ; the resulting gold and potassium chloride were separated 
by means of water, and both were collected and estimated. The loss of 
weight upon ignition was, of course, chlorine. As the salt could not be 
perfectly dried without loss of chlorine, the atomic weight under inves- 
tigation must be determined by the ratio between the KCl and the Au. 
If we reduce to a common standard, and compare with 100 parts of KCl, 
the equivalent amounts of gold will be those which I give in the last of 
the subjoined columns: 


4.1445 grm. K,AuCl], gave .8185 grm. KCl and 2.159 grm, Au. 263.775 


2.2495 eo -44425 ss Tenney 2 oe 263.815 
5 1300 +: 1.01375 a BLOW22 5 ee 263.600 
3.4130 us .674 fs Le) 263.687 
4.19975 - .8295 ss 2.188 os 263.773 





Mean, 263.730, + .026 


Still a third series of experiments by Berzelius { may be included 
here. In order to establish the atomic weight of phosphorus he em- 
ployed that substance to precipitate gold from a solution of gold chloride 
in excess. Between the weight of phosphorus taken and the weight of 
gold obtained it was easy to fix a ratio. Since the atomic weight of 
phosphorus has been better established by other methods, we may 
properly reverse this ratio and apply it to our discussion of gold. 100 
parts of P precipitate the quantities of Au given in the third column: 


.829 grm. P precipitated 8.714 grm. Au. TO51.15 
+754 a 7.930 “ 1051.73 


Mean, 1051.44, 





+ ,196 


Hence i P= 31, Au = 195.568. 





* Poggend. Annalen, 8, 177. 
+ Lehrbuch, 5 Aufl., 3, 1212. 
{Lehrbuch, 5 Aufl., 3, 1188. 
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Leyol’s* estimation of the atomic weight under consideration can 
hardly have much value. A weighed quantity of gold was converted 
in a flask into AuCl,. This was reduced by a stream of sulphur dioxide, 
and the resulting sulphuric acid was determined as BaSO,. One gramme 
of gold gave 1.782 grm. BaSO,. Hence Au = 195.06. 

All these values may be neglected as worthless, except that derived 
from Berzelius’ K,AuCl, series. 

In 1886 Kritiss f published the first of the recent determinations of the 
atomic weight under consideration, several distinct methods being re- 
corded. First, in a solution of pure auric chloride the gold was pre- 
cipitated by means of aqueous sulphurous acid. In the filtrate from the 
gold the chlorine was thrown down as silver chloride, and thus the ratio 
Au:3 AgCl was measured. I subjoin Kriiss’ weights, together with a 
third column giving the gold equivalent to 100 parts of silver chloride: 


Au. AgCl, Ratio. 
7.72076 16.84737 45.828 
5.68290 12.40425 45.814 
3.24773 7.08667 45.828 
4.49167 9 80475 45.811 
3.47949 7-59300 45.825 
3.26836 7 13132 45.832 
5.16181 11.26524 45.821 
4.86044 10.604 31 45.834 





Mean, 45.824, -+ .0020 


The remainder of Kriiss’ determinations were made with potassium 
auribromide, KAuBr,, and with this salt several ratios were measured. 
The salt was prepared from pure materials, repeatedly recrystallized 
under precautions to exclude access of atmospheric dust, and dried over 
phosphorus pentoxide. First, its percentage of gold was determined, 
sometimes by reduction with sulphurous acid, sometimes by heating in 
a stream of hydrogen. For this ratio, the weights and percentages are 
as follows, the experiments being numbered for further reference, and the 
reducing agent being indicated. 


KAuBr,. An. Per cent. 
Ia SORA rhea 10.64821 BUTTS 35-476 
ONES) pea rst, orion 4.71974 1.67330 35-453 
vi spilel nab sdticrenerstehaveaehs 7.05762 2.50122 35.440 
Able sre oy Sere 4.49558 1.59434 35.465 
SSO Op mratuwice epee 8.72302 3.09448 35.475 
OM SO Rake Auionicras : 7.66932 2.71860 35-448 
Uictuci Oh om seen as 7.15498 2.53695 35-457 
Oa lane aS sereas oe) el22ose4. 4.34997 35.471 
Oe VED. Mis acteruscpscrier: 7.10342 2.51919 35.465 





Mean, 35.461, + .0028 





* Ann. Chim. Phys. (3), 30, 355. 1850. 
+ Untersuchungen Uiber das Atomgewicht des Goldes. Miinchen, 1886. 112 pp., 8vo. 
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In five of the foregoing experiments the reductions were effected with 
sulphurous acid; and in these, after filtering off the gold, the bromine 
was thrown down and weighed as silver bromide. This, in comparison 
with the gold, gives the ratio Au: 4AgBr : : 100: 2. 


Au. gAgBr, Ratio. 

a ee 3-77753 14.39542 381.080 

ONE Ree cyan tay 1.6733 6.37952 381.254 

Gteclo Sead eeawree 3.09448 11.78993 380.999 

GPP ras Jus. “2.71860 10, 35902 381.042 

> Tato svat a 2.536095 9.66117 380.731 


Mean, 381.021, + .057 





Hence Au: AgBr:: 100 : 95.255, + .0142. 

In the remaining experiments, Nos. 3, 4,8, and 9, the KAuBr, was 
reduced in a stream of hydrogen, the loss of weight, Br,, being noted. 
In the residue the gold was determined, as noted above, and the KBr 
was also collected and weighed. The weights were as follows: 


Au. Loss, Bry. KE&r. 
Secs aa 2.50122 3.04422 1.51090 
pierstivatss: 22 ae: 1.59434 1.93937 .96243 
Soe aap its tas 4.34997 5.29316 2.62700 
seen A 2.51919 3.065 34 1.52153 


From these data we obtain two more ratios, viz., Au: Br,:: 100: 2, 
angen: KBr: : 100: 2, thus: 








Au: Br. Au: KBr. 
Que sict a eecdas Stee Merce tyes 121.710 60.405 
APY Ie neh eiel sche) os 121.641 60,365 
Gree edhe hae Lae iemeosg 60.391 
Ore rua te ieee Ret steve le ee Neve 121,680 60.398 
Mean, 121.678, -_ .O100 Mean, 60.390, - .0059 


From all the ratios, taken together, Kriiss deduces a final value of 
Au = 197.13, if O—16. It is obviously possible to derive still other 
ratios from the results given, but to do so would be to depart unneces- 
sarily from the author’s methods as stated by himself. 

Thorpe and Laurie, * whose work appeared shortly after that of Krtss, 
also made use of the salt KAuBr,, but, on account of difficulty in drying 
it without change, they did not weigh it directly. After proving the con- 
stancy in it of the ratio Au: KBr, even after repeated crystallizations, 
they adopted the following method: The unweighed salt was heated 
with gradual increase of temperature, up to about 160°, for several hours, 
and afterwards more strongly over a small Bunsen flame. This was done 
in a porcelain crucible, tared by another in weighing, which latter was 
treated in precisely thesame way. The residue, KBr ++ Au, was weighed, 
the KBr dissolved out, and the gold then weighed separately. The 





* Journ. Chem. Soc., 51, 565. 1887. 
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weight of KBr was taken by difference. The ratio Au: KBr: :100: 2. 
appears in a third column. 


Au. KBr. Ratio. 

6. 1900T 3.73440 60.329 

4.76957 2.87715 60. 323 

4.14050 2.49822 60.336 

3.60344 2.17440 60.342 

3.67963 2.21978 60, 326 

4.57757 2.76195 60. 337 
5.30659 3.23821 60.326 

4 5.16406 Buses 69.327 





Mean, 60.331, + .0016 
This mean combines with Kriiss’ thus: 


TGHUSSHy Aa a et ot ae ree eae ie eee 60.390, + .0059 
‘horpejand Iaunlen\e- ewe esis os a cten tee 60,331, + .0016 
Generalimeanhen eee ene eee nee 60.338, + .0O15 


The potassium bromide of the previous experiments was next titrated 
with a solution of pure silver by Stas’ method, the operation being 
performed in red light. Thus we get the following data for. the ratio 
Ag: Au::100: 2, using the weights of gold already obtained: 


Ag. An, Ratio. 
3.38451 6, 19001 182.893 
2.60896 4.76957 182.813 
2, 28830 4.18266 182.786 
2.26415 4.14050 182.868 
1.97147 3.60344 182.775 
2.01292 3.67963 182.801 
2.50334 4.57757 182.863 
2.93608 36659 182.780 
2.82401 5.16406 182.865 





Mean, 182.827, + .OI01 
Finally, in eight of these experiments, the silver bromide formed 
during titration was collected and weighed, giving values for the ratio 
Au: AgBr::100: 2, as follows: 


Aun. Ag Br. Ratio. 
6, 19001 5.89199 95.186 
4.70557 4.54261 95-242 
4.18266 3.98288 95.224 
4.14050 3-94309 95.232 
3.60344 3.43015 95.191 
3.67963 3.50207 95-175 
4.57757 4.35736 95-189 
5.36659 5.11045 95.227 





Mean, 95.208, + .oo61 
Kriiss found, 95.255, + .o142 


General mean, 95.222, -+ .0056 
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From the second and third of the ratios measured by Thorpe and 
Laurie an independent value for the ratio Ag: Br may be computed. It 
becomes 100 : 74.072, which agrees closely with the determinations made 
by Stas and Marignac. Similarly, the ratios Ag: KBr and AgBr: KBr 
may be calculated, giving additional checks upon the accuracy of the 
manipulation, though not upon the purity of the original material 
studied. 

Thorpe and Laurie suggest objections to the work done by Kriss, on 
the ground that the salt KAuBr, cannot be completely dried without 
loss of bromine. This suggestion led to a controversy between them and 
Kriiss, which in effect was briefly as follows: 

First, Kriiss* urges that the potassium auribromide ordinarily contains 
traces of free gold, not belonging to the salt, produced by the reducing 
action of dust particles taken up from the air. He applies a correction 
for this supposed free gold to the determinations made by Thorpe and 
Laurie, and thus brings their results into harmony with his own, To 
this argument Thorpe and Laurie} reply, somewhat in detail, stating 
that the error indicated was guarded against by them, and that they 
had dissolved quantities of from eight to nineteen grammes of the auri- 
bromide without a trace of free gold becoming visible. A final note in 
defense of his own work was published by Kriiss a little later. f 

In 1889 an elaborate set of determinations of this constant was pub- 
lished by Mallet,§ whose experiments are classified into seven distinct 
series. First, a neutral solution of auric chloride was prepared, which 
was weighed off in two approximately equal portions. In one of these 
the gold was precipitated by pure sulphurous acid, collected, washed, 
dried, ignited in a Sprengel vacuum, and weighed. To the second por- 
tion a solution containing a known weight of pure silver was added. 
After filtering, with all due precautions, the silver remaining in the fil- 
trate was determined by titration with a weighed solution of pure hydro- 
bromic acid. We have thus a weight of gold, and the weight of silver 
needed to precipitate the three atoms of chlorine combined with it; in 
other words, the ratio Ag,: Au::100:2. All weights in this and the 
subsequent series are reduced to vacuum standards, and all weighings 
were made against corresponding tares. 


An. elie Ratio. 
7.6075 12.4875 60.921 
8.4212 13.8280 60.900 
6.9407 11.3973 60.898 
3.3682 5.5286 60.923 
2.8244 4.6371 60.909 





Mean, 60.910, + .0034 





fence Ap: Au: : 100 : 182.780, + .0102. 


* Ber. Deutsch. Chem. Gesell., 20, 2365. 1887. 

+ Berichte, 20, 3036, and Journ. Chem. Soc., 51, 866. 1887. 
t Berichte, 21, 126. 1888. 

2 Philosophical Transactions, 180, 395. 1889. 
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The second series of determinations was essentially like the first, ex- 
cept that auric bromide was taken instead of the chloride. The ratio 
measured, Ag,: Au, is precisely the same as before. Results as follows 


Au. Jal fap Ratio. 
8.2345 13.5149 60.929 
7.0901 12.6251 60,911 
10; 5233 17.2666 60.945 
2.7498 4.5141 60.916 
3.5620 5.98471 60,919 
,3-9081 6.4129 60.941 


Hence Ag: Au: 


: 100: 182.781, + .0114. 





Mean, 60.927, -— .0038 


In the third series of experiments the salt KAuBr, was taken, purified 


by five recrystallizations. The solution of this was weighed out into 
nearly equal parts, the gold being measured as in the two preceding 
series in one portion, and the bromine thrown down by a standard silver 


solution as before. This gives the ratio Ag,: Au::100:2 
Au. Ag. Ratio. 
5.7048 12.4851 45.693 
7.9612 17.4193 45.693 
2.4455 5.3513 45.699 
4.1632 9.1153 45.673 


Hence Ag: Au: 


: 100: 182.756, + .0160. 


Mean, 45.689, 





- .0040 


The fifth series of determinations, which for present purposes naturally 
precedes the fourth, was electrolytic in character, gold and silver being 


simultaneously precipitated by the same current. 


The gold was in solu- 


tion as potassium auro-cyanide, and the silver in the form of potassium 
silver cyanide. The equivalent weights of the two metals, thrown down 
in the same time, were as follows, giving directly the ratio Ag: Au:: 100: «. 


Au. Ag. Ratio. 
5.2721 2.8849 182.748 
6.3088 Be 4487 182.933 
4.2770 2.3 3393 182.832 
3.5123 1.9223 182.713 
3.6804 2.0132 182.814 





Mean, 182.808, + .0256 


This mean may be combined with the preceding means, and also with 
the determination of the same ratio by Thorpe and Laurie, thus: 


Macro gingl IAM 5 boo oee oon o dak 182.827, + .O101 
Nailletachiondeyseriesiyas eerie 182,730, + .0102 
Mialllete bromicleisencseiy aera 182.781, + .O114 
Mallet (Kv AwBy, sertess se omiaecrcr are 182 756, + .o160 
Mallet wellectioly tices seamen r ie tien 182.808, + .0256 


Generalimeaneerne mene 182.778, -- .0055 


Ir 
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In Mallet’s fourth series a radically new method was employed. Tri- 
methyl-ammonium aurichloride, N(CH,),HAuCl,, was decomposed by 
heat, and the residual gold was determined. In order to avoid loss by 
spattering, the salt was heated in a crucible under a layer of fine siliceous 
sand of known weight. Several crops of crystals of the salt were studied, 
as a check against impurities, but all gave concordant values. 


Salt. Residual Au. Per cent. Au. 
14.9072 7-3754 49.475 
15.5263 7.6831 49.484 
10.4523 5.1712 49.474 

6.5912 3.2603 49.464 

5-5744 2.7579 49.474 





Mean, 49.474, + .0021 


In his sixth and seventh series Mallet seeks to establish, by direct 
measurement, the ratio between hydrogen and gold. In their experi- 
mental details his methods are somewhat elaborate, and only the pro- 
cesses, in the most general way, can be indicated here. First, gold was 
precipitated electrolytically from a solution of potassium aurocyanide, 
and its weight was compared with that of the amount of hydrogen simul- 
taneously liberated in a voltameter by the same current in the same 
time. The hydrogen was measured, and its weight was then computed 
from its density. The volumes are given, of course, at 0° and 760 mm. 


Wt. Au. © Vols 7, ce: Wt. H. 
4.0472 228.64 .0205483 
4.0226 227.03 .0204046 
4.0955 231.55 -0208103 


These data, with the weight of one litre of hydrogen taken as 0.89872 
gramme, give the subjoined values in the ratio H: Au:: 1:2. 


196.960 


197.151 
196.805 





Mean . 196.972, -+ .0675 


In the last series of experiments a known quantity of metallic zinc was 
dissolved in dilute sulphuric acid, and the amount of hydrogen evolved 
was measured. Then a solution of pure auric chloride or bromide was 
treated with a definite weight of the same zinc, and the quantity of gold 
thrown down was determined. The zinc itself was purified by practical 
distillation in a Sprengel vacuum. From these data the ratio H,: Au 
was computed by direct comparison of the weight of gold and that of the 
liberated hydrogen. The results were as follows: 


108 THE ATOMIC WEIGHTS. 


Wt. Au. Vol: £2, ce: Wt. A. 
10,3512 1756.10 .157824 
8.2525 1400. 38 .125857 
§. 1004, 1374.87 »123565 
3.2013 558.64 .050206 
3-4835 590.93 -053109 
3.6421 618.11 -055551 


Hence for the ratio H,: Au: :1:2 we have: 


65.587 
65.571 
65.557 
65.556 
65-593 
65.563 





Mean, 65.571, + .00436 


And H: Au::1:196.718, + .0131. This, combined with the value 
found in the preceding series, gives a general mean of 196.722, -+ .0129. 
The ratios available for gold are now as follows: 


(1.) 2KCl: Au: : 100: 263.730, + .026 

(2.) 3AgCl: Au:: 100: 45.824, + .0020 

(3.) KAuBr,: Au: : 100: 35.461, + .0028 

(4.) Au: AgBr: : 100: 95.222, + .0056 

(5.) Au: Br, ; : 100: 121.678, + .o100 

(6.) Au: KBr: : 100: 60,338, + oo15 

(7.) Ag: Au:: 100; 182.778, + .0055 

(8.) NC,H,,AuCl, : Au: : 100: 49.474, + .0021 
(9.)) Hs Aus 296i 722. - 0129 


For the reduction of these ratios the antecedent data are: 


Ag = 107.108, + .0031 C == 11.920) 2= 0004 
Cl = 35.179, - .0048 AgCl = 142.287, = .0037 
Br = 79.344, + .0062 1 AgBr= 186.452, + .0054 
K = 38.817, + .0051 KCl y= 744025, ==. Colg 
IN eos 5 n=) 002m KBr = 118.200, + .0073 


Hence for the atomic weight of gold we have nine values: 


vO maT) sesev nn po tvee, Mat ree mepeeey tlie Au = 195.226, - .0193 
BOM (2) ero ne ee aieene UN ak cco ee aces «© — 195.605, + .0099 
Promila )tr croton tsa tadre. eotrentar & == TO5s7 LE .0224 
Bonomi (AN) iils © schon ge, ate mR Ruane “¢ == 195.908, = 0120 
PCOS) fe ay cis Osean comes eee cet Nene ‘© — 195.624, + .0222 
Proni(G) 4. ck Aas Weta ee meee ae oO} S90 Olek 
Brom (7) acawais caterer ete a= O57: On = OOS2 
Brom ((S)i cose ncwsh awe aaeoiaa as os ; == 1965239) .0224 
RGomig (Gl) Pascte cya ee cee ee eae ‘© = 196,722, == .0129 
. SULA ER ea ere 
Genetalimeane eee . Au = 195.850, + .0044 





If O = 16, this becomes Au = 197.342. 
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Of the foregoing values the first one, which is derived from Berzelius’ 
work, should certainly be rejected. Soalso, apparently, should the eighth 
and ninth values. Excluding these, values 2 to 7, inclusive, give a gen- 
eral mean of Au = 195.743, + .0049. With O — 16, this becomes Au = 
197.235. Probably these values are more nearly correct than those which 
include all the determinations. 

The ninth value in the list given above represents Mallet’s comparisons 
of gold directly with hydrogen, and is peculiarly instructive. In Mal- 
let’s paper the other determinations are discussed upon the basis of 
O = 15.96, which brings them more nearly into harmony with the hydro- 
gen series. The great divergence shown in this recalculation is due to 
the new value for oxygen, 15.879, and its effect upon the atomic weights 
of silver, bromine, etc. The former agreement between the several series 
of gold values was therefore only apparent, and we are now able to see 
that concordance among determinations may be only coincidence, and 
no proof of accuracy. It is probable, furthermore, that direct compari- 
sons of metals with hydrogen cannot give good measurements of atomic 
weights, for several reasons. First, it is not possible to be certain that 
every trace of hydrogen has been collected and measured, and any loss 
tends to raise the apparent atomic weight of the metal studied; secondly, 
the weight of the hydrogen is computed from its volume, and a slight 
change in the factors used in reduction of the observations may make a 
considerable difference in the final result. These uncertainties exist in 
all determinations of atomic weights hitherto made by the hydrogen 
method. 
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CALCIUM. 


For determining the atomic weight of calcium we have sets of experi- 
ments by Berzelius, Erdmann and Marchand, and Dumas. Salvétat * 
also has published an estimation, but without the details necessary to 
enable us to make use of his results. I also find a reference t to some 
work of Marignac, which, however, seems to have been of but little im- 
portance. The earlier work of Berzelius was very inexact as regards 
calcium, and it is not until we come down to the year 1824 that we find 
any material of decided value. 

The most important factor in our present discussion is the composi- 
tion of calcium carbonate, as worked out by Dumas and by Erdmann 
and Marchand. 

In 1842 Dumas ¢ made three ignitions of Iceland spar, and determined 
the percentages of carbon dioxide driven off and of lime remaining. The 
impurities of the material were also determined, the correction for them 
applied, and the weighings reduced to a vacuum standard. The per- 
centage of lime came out as follows: 


56.12 


56.04 
56.06 





Mean, 56.073, + .o16 


About this same time Erdmann and Marchand § began their researches 
upon the same subject. Two ignitions of spar, containing .04 per cent. 
of impurity, gave respectively 56.09 and 56.18 per cent. of residue; but 
these results are not exact enough for us to consider further. Four other 
results obtained with artificial calcium carbonate are more noteworthy. 
The carbonate was precipitated from a solution of pure calcium chloride 
by ammonium carbonate, was washed thoroughly with hot water, and 
dried at a temperature of 180°. With this preparation the following 
residues of lime were obtained : 

56.03 


55.98 
56.00 


55-99 


Mean, 56.00, + .007 


It was subsequently shown by Berzelius that calcium carbonate pre- 
pared by this method retains traces of water even at 200°, and that 





* Compt. Rend., 17, 318. 1843. 

+ See Oudeman’s monograph, p. 5I. 

t Compt. Rend., 14, 537. 1842. 

2 Journ. fiir Prakt. Chem., 26, 472. 1842. 
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minute quantities of chloride are also held by it. These sources of error 
are, however, in opposite directions, since one would tend to diminish 
and the other to increase the weight of residue. 

In the same paper there are also two direct estimations of carbonic 
acid in pure Iceland spar, which correspond to the following percentages 
of lime : 


56.00 
56.02 . 





Mean, 56.01, + .007 


In a still later paper* the same investigators give another series of 
results based upon the ignition of Iceland spar. The impurities were 
carefully estimated, and the percentages of lime are suitably corrected : 


4.2134 grm. CaCO, gave 2.3594 grm. CaO. 55.997 per cent. 


15.1385 a 8.4810 ot o.o22), <5 
23.5503 as 13.1958 ee 5OrogT) | ee 
23.6390 a 13.2456 3 FGLOR2 ete 
42.0295 ci 225505 noe 56.044“ 
49.7007 " 27.8536“ 56.042“ , 





Mean, 56.028, + .0047 


Six years later Erdmann and Marchand + published one more result » 
upon the ignition of calcium carbonate. They found that the compound 
began giving off carbon dioxide below the temperature at which their 
previous samples had been dried, or about 200°, and that, on the other 
hand, traces of the dioxide were retained by the lime after ignition. 
These two errors do not compensate each other, since both tend to raise 
the percentage of lime. In the one experiment now under consideration 
these errors were accurately estimated, and the needful corrections were 
applied to the final result. The percentage of residual lime in this case 
came out 55.998. This agrees tolerably well with the figures found in the 
direct estimation of carbonic acid, and, if combined with those two, gives 
a mean for all three of 56.006, + .0043. 

Combining all these series, we get the following result: 


ND WTS PPE eek ota ok IN cn goa: cb eta ices 56.073, --.o16 
Erdmann and Marchand...... Sec aioe 56.006, + .007 
Bidmanneand: Marchand.) 4.5. 4see 66. 56.028, -- .0047 
HrdmanniandsVianrchand!,... 4... se0 nsec. 56.006, + .0043 
(Generalim canta eee aise 56.0198, + .0029 


For reasons given above, this mean is probably vitiated by a slight 
constant error, which makes the figure a trifle too high. 





* Journ. ftir Prakt. Chem., 31, 269. 1844. 
j Journ. ftir Prakt. Chem., 50, 237. 1850. 
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In the earliest of the three papers by Erdmann and Marchand there is 
also given a series of determinations of the ratio between calcium car- 
bonate and sulphate. Pure Iceland spar was carefully converted into 
calcium sulphate, and the gain in weight noted. One hundred parts of 


spar gave of sulphate: 
136.07 
136.06 
136.02 
136,06 








Mean, 136.0525, + .0071 


In 1843 the atomic weight of calcium was redetermined by Berzelius, * 
who investigated the ratio between lime and calcium sulphate. The 
calcium was first precipitated from a pure solution of nitrate by means 
of ammonium carbonate, and the thoroughly washed precipitate was 
dried and strongly ignited in order to obtain lime wholly free from ex- 
traneous matter. This lime was then, with suitable precautions, treated 
with sulphuric acid, and the resulting sulphate was weighed. Correction 
was applied for the trace of solid impurity contained in the acid, but not 
for the weighing in air. The figures in the last column represent the 
percentage of weight gained by the lime upon conversion into sulphate : 


1.80425 grm, CaO gained 2.56735 grm. 142.295 
2.50400 my B57 050) 142.592 
3.90000 r 5.55140 * 142.343 
3.04250 ss Hee 20 5O)mne 142,202 
3-45900 5 4.93140 “ 142.567 








Mean, 142.3998, + .0518 


Last of all we have the ratio between calcium chloride and silver, as 
determined by Dumas.+ Pure calcium chloride was first ignited in a 
stream of dry hydrochloric acid, and the solution of this salt was after- 
wards titrated with a silver solution in the usual way. The CaCl, pro- 
portional to 100 parts of Ag is given in a third column: 


2.738 grm, CaCl, = 5.309 grm. Ag. SSS 
2.436 o Avena 51.490 
1.859 sf 3.617 ss 51.396 
Pl ss as OS Siena 51.424 
2,240 a 4.3585“ 51.394 





Mean, 51.4554, + .0230 


We have now four ratios to compute from, as follows: 


(1.) Percentage CaO in CaCO,, 56.0198, + .0029 
(2%) CaO": SOs ):) 100r 14253008 )4— Ons 

(3.) CaCO, CaSO, : 100 : 136.0525, + .0o71 

(Gia) eee RACAL BS > 51.4554, + .0230 

* Journ. fiir Prakt. Chem., 31, 263. Ann. Chem. Pharm., 46, 241. 
fAnn, Chim. Phys. (3), 55, 129. 1859. Ann. Chem. Pharm., 113, 34. 
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The antecedent values are— 


O =} 15.879, =: .0003 C = II.920, + .0004 
Ag = 107.108, + .0031 S = 31.828, + .0015 
Cle 352079, == 0048 


Hence the subjoined values for the atomic weight of calcium : 


HOM (Ep aoc a cue eke a esiecenrena ke eretwies Ca = 39.757, + .0048 
BVO (C2) ee ehayerays ci koreetenstae re Gees tas &S == 30-925, == .0203 
INGGMA(S) ya nani ee ras esiae ee ‘S==39.700; == 0204 
ESKOM A AS) pr sreccee ach. ceacheriete cst, /etchs syetine, eee ‘¢ — 39.868, + .0503 

IVICA creer tacraan seiamclereerentieres Ca = 39.764, + .0045 


If O = 16, Ca = 40.067. 


STRONTIUM. 


The ratios which fix the atomic weight of strontium resemble in gen- 
eral terms those relating to barium, only they are fewer in number and 
represent a smaller amount of work. The early experiments of Stro- 
meyer,* who measured the volume of CO, evolved from a known weight 
of strontium carbonate, are hardly available for the present discussion. 
So also we may exclude the determination by Salvétat,f who neglected 
to publish sufficient details. 

Taking the ratio between strontium chloride and silver first in order, 
we have series of figures by Pelouze and by Dumas. Pelouze tf employed 
the volumetric method to be described under barium, and in two ex- 
periments obtained the subjoined results. In another column I append 
the ratio between SrCl, and 100 parts of silver : 


1.480 grm, SrCl, = 2.014 grm. Ag, 73.486 
2.210 ae BtOO Sans 73.471 





Mean, 73.4781, + .0050 


Dumas, § by the same general method, made sets of experiments with 
three samples of chloride which had previously been fused in a current 
of dry hydrochloric acid. His results, expressed in the usual way, are 
as follows: 





* Schweigg. Journ., 19, 228. 1816. 

+ Compt. Rend., 17, 318 1843. 

{ Compt. Rend., 20, 1047. 1845. 

2 Ann. Chim. Phys. (3), 55, 29. 1859. Ann Chem. Pharm., 113, 34. 
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Series A. 
3.137 grm. SrCl, = 4.280 grm. Ag. Ratio, 73.2944 
1.982 a 27 O5iaane Sel 
3.041 a ARI AZ am PONT 
3.099 a 4.219 “ “73-4534 
Mean, 73.3595 
Series B. 
3.356 grm, SrCl, = 4.574 grm. Ag. Ratio, 73.3713 
6.3645 C 8.667“ “73-4327 
Fawoit . On712) i Be4240 





Mean, 73.4095 


Series C. 
7.213 grm, SrCl, =9.811 grm. Ag. Ratio, 73.5195 
2.206 se BIOOOm a See SOO 
4.268 a Horo 7325529 
4.018 BG Boag 7323013 





Mean, 73.4551 
Mean of all as one series, 73.4079, + .0170 


Combining these data we have: 


BelOU Zee is caersp arent sy sheq tener etnete ePoye iehalsnayetersns 73.4781, — .co50 
Marionachschs\s.can er muneMe eC lair silo 73-4079, + .0170 
Generalimeane eerie cee 73.4725, - .0048 


The foregoing figures apply to anhydrous strontium chloride. The 
ratio between silver and the crystallized salt, SrCl,.6H,O, has also been 
determined in two series of experiments by Marignac.* Five grammes 
of salt were used in each estimation, and, in the second series, the per- 
centage of water was first determined. The quantities of the salt corre- 
sponding to 100 parts of silver are given in the last column : 





Sertes A. 
5 grm. SrCl,.6H,O = 4.0515 grm. Ag. 123.411 
ee oe 4.0495 ce D23rAy 2 
os yy 4.0505 “ 123.442 
Mean, 123.442 

Series B. 
5 grm. SrCl,.6H,O = 4.0490 grm. Ag. 123.487 
«< “ 4.0500 « 123.457 
ce ec 4.0490 ce 123.487 





Mean, 123.477 
Mean of all as one series, 123.460, -- .0082 





* Journ. fiir Prakt. Chem., 74, 216. 1858. 
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In the same paper Marignac gives two sets of determinations of the 
percentage of water in crystallized strontium chloride. The first set, cor- 
responding to ‘ B” above, is as follows: 


40.556 
40.568 
40,566 





Mean, 40.563 


In the second set ten grammes of salt were taken at a time, and the 
following percentages were found: 


40.58 
40.59 
40.58 





Mean, 40.583 
Mean of all as one series, 40.573, -+ .0033 


The chloride used in the series of estimations last given was subse- 
quently employed for ascertaining the ratio between it and the sulphate. 
Conyerted directly into sulphate, 100 parts of chloride yield the quanti- 
ties given in the third’column: 


5-942 grm. SrCl, gave 6.887 grm. SrSO,. 115.932 
5.941 Be 6.8855“ 115.949 
5.942 ce 6.884. as 115.927 





Mean, 115.936, + .004 


Richards.* in his study of strontium bromide, followed pretty much 
the lines laid down in his work on barium. The properties of the 
bromide itself were carefully investigated, and its purity established 
beyond reasonable doubt, and then the two usual ratios were deter- 
mined. First, the ratio Ag, : SrBr,:: 100: 2, by titration with standard 
solutions of silver. For this ratio there are three series of measurements, 
by varied processes, concerning which full details are given. The data 
obtained, with weights reduced to a vacuum, are as follows: 


First Series. 


Wt. Ag. Wt. SrBr,. Ratio. 
1.30755 1.49962 114.689 
2.10351 2.41225 114.677 
2.23357 2.56153 114.683 
5.3684 6.15663 114.683 





Mean, 114.683 





* Proc. Amer. Acad. of Sciences, 1894, p. 369. 
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Second Series. 


Wt, Ag. Wt. SrBr,. Ratio. 

1.30762 1.49962 114.683 
2.10322 2.41225 114.693 
4.57502 5.24727 114.694 
5.3680 6.15663 114.691 





Mean, 114.690 
Third Series. 


2.5434 2.9172 114.697 
3-3957 3.8946 114.692 
3.9607 4.5426 114.692 
4.5750 5.2473 114.695 





Mean, 114.694 
Mean of all as one series, 114.689, -- .oo12 


) Se 


For the ratio, measured gravimetrically, 2AgBr: SrBr,-: : 100 : x, two 
series of determinations are given: . 


First Series. 


Wt. AgBr. Wt. SrBr,. Ratio. 
2.4415 1.6086 65.886 
2.85601 1.8817 65.884 
6.9337 4.5681 65.883 





Mean, 65.884 


Second Series. : 


2.27625 1.49962 65.881 
3.66140 2.41225 65.883 
3.88776 2.56153 65.887 
9.34497 6.15663 65.882 





Mean, 65.883 
Mean of all as one series, 65.884, + .0006 


For the atomic weight of strontium we now have the subjoined ratios: 


(1.) Ag, : SrCl, : : 100: 73.4725, + .0048 

(2.) Ag, : SrCl,.6H,O : : 100: 123.460, + .0082 
(3-) Per cent. H,O in SrCl,.6H,O, 40.573, + .0033 
(4.) SrCl, : SrSO, : : 100 : 115.936, + .0040 

(5.) Ag, : SrBr, : : 100: 114.689, + .oo12 


(6.) 2AgBr : SrBr, : : 100 : 65.884, + .0006 


The antecedent values are— 


O==7515787.9,,==).0008 Br = 79.344, - .0062 
Ag = 107,108, + ,0031 S = 31.828, = .0015 
Cl = 35.179, += .0048 AgBr = 186.452, + .0054 


. 


. 
STRONTIUM. qty 


For the molecular weight of SrCl, three estimates are available : 





roma (Ii) eye cere. bs <.creis ihe. sais SrCl, = 157.390, + .o112 
EONS (2) eee sere Sere a 6,2 ee tosae rats BS Sali yy, SE OlezZ 
IB ONOM (SI) Reesor stars ede Sic = sise suse 3 ere = 15 7/ NER SS OUST 

Generalimeantt., .'-1e. js. « SrCl, = 157.281, + .0083 

For SrBr, there are two values: 

BrOma(S) came saa epics scons SrBr, = 245.682, + .0076 
BLOM CO) Mead teces Cat ce ears. ele et ‘S  == 245,684, 3= .0075 

Generalimeanenc + sejc-7 « «1: SrBr, = 245.683, + .0053 


Finally, with these intermediate data we obtain three independent 
measures of the atomic weight of strontium, as follows: 


From molecular weight SrCl,......... Sr = 86.923, + .0127 
From molecular weight SrBr,......... ‘00:09 a= 0035 
GONG) EAtIGs (A). seein se ees m oe a bee 5 2 o Sie “* — 86.434, - .o811 

(Generalemeanneaenipeys sce ao. Sr = 86.948, + .0092 


If O = 16, Sr = 87.610. Rejection of the third value, which is worth- 
less, raises these means by 0.01 only. The second value, 86.995, which 
represents Richards’ work, is undoubtedly the best of the three. 
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BARIUM. 


For the atomic weight of barium we have aseries of eight ratios, estab- 
lished by the labors of Berzelius, Turner, Struve, Marignac, Dumas, and 
Richards. Andrews * and Salvétat,f in their papers upon this subject, 
gave no details nor weighings, and therefore their work may be properly 
disregarded. First in order, we may consider the ratio between silver 
and barium chloride, as determined by Pelouze, Marignac, Dumas, and 
Richards. 

Pelouze, { in 1845, made the three subjoined estimations of this ratio, 
using his well known volumetric method. <A quantity of pure silver was 
dissolved in nitric acid, and the amount of barium chloride needed to 
precipitate it was carefully ascertained. In the last column I give the 
quantity of barium chloride proportional to 100 parts of silver: 


3.860 grm. BaCl, ppt. 4.002 grm, Ag. 96.452 
5.790 gs F003 ms 96.452 
2.895 us BROOl 96.468 





Mean, 96.4573, - .0036 


Essentially the same method was adopted by Marignac § in 1848. His 
experiments were made upon four samples of barium chloride, as fol- 
lows. A,commercial barium chloride, purified by recrystallization from 
water. B, the same salt, calcined, redissolved in water, the solution 
saturated with carbonic acid, filtered, and allowed to crystallize. C, the 
preceding salt, washed with alcohol, and again recrystallized. D, the 
same, again washed with alcohol. For 100 parts of silver the following 
quantities of chloride were required, as given in the third column: 


Ag. BaCcl,. Ratio. 
( 34445 3.3190 96.356 
A, + 3.7480 3.6110 96.345 ¢ Mean, 96.354 
6.3446 6.1140 96, 362 J 
4.3660 4.1780 96.356 
ae 4.6625 96.352 5 Mean, 96.354 
6.9200 6.6680 96.358 
CG: | 5.6230 5.4185 96.365 Mean, 96.360 
(5.8435 5.6300 96.346 
| 8.5750 8.2650 96. 384 
z 6.36 
" ) 4.8225 4.6470 96.361 Mean, 96.367 
| 6.8460 6.5980 96.377 





Mean, 96.360, -++ .0024 





* Chemical Gazette, October, 1852. 

+ Compt. Rend., 17, 318. 

t Compt. Rend., 20, 1047. Journ. fiir Prakt. Chem., 35, 73. 
? Arch. d. Sci. Phys. et Nat., 8, 271. 
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Dumas* employed barium chloride prepared from pure barium 
nitrate, and took the extra precaution of fusing the salt at a red heat in 
a current of dry hydrochloric acid gas. Three series of experiments 
upon three samples of chloride gave the following results : 








Ag. BaCi,. Ratio. 
( 1.8260 1.7585 96.303 
| 3.9980 3.8420 96.339 
ag 1 oe 2.1585 96.340 Moan) 99:336 
| 4.1680 4.0162 96.358 
1.7270 1.6625 96.265 } 
2.5946 2.4987 96.304 
3-5790 3.4468 96. 306 
B. 4 4.2395 4.0822 96.290 | Mean, 96.290 
4.3683 4.2062 96.289 
| 4.6290 4.4564 90.271 
(9.0310 8.6975 96.307 J 
( 2.3835 2.2957 96,316 
| 4.2930 4.1372 sen | 
C. 4 4.4300 4.2662 96.303 ¢ Mean, 96.338 
| sss 4.4764 96.329 
5.8520 5.6397 96.372 





Mean, 96.316, + .0055 


The work done by Richards + was of a much more elahorate kind, for 
it involved some collateral investigations as to the effect of heat upon 
barium chloride, ete. Every precaution was taken to secure the spectro- 
scopic purity of the material, which was prepared from several sources, 
and similar care was taken with regard to the silver. For details upon 
these points the original paper must be consulted. As for the titrations, 
three methods were adopted, and a special study was made with refer- 
ence to the accurate determination of the end point; in which particular 
the investigations of Pelouze, Marignac, and Dumas were at fault. In the 
first series of determinations, silver was added in excess, and the latter 
was measured with a standard solution of hydrochloric acid. The end 
point was ascertained by titrating backward and forward with silver 
solution and acid, and was taken as the mean between the two apparent 
end points thus observed. The results of this series, with weights reduced 
to vacuum standards, were as follows: 


Ag. BaCl,. Ratio. 
6.1872 5.9717 96.517 
5.6580 5.4597 96.495 
3-5988 3.4728 96.499 
9.4010 9.0726 90.507 

-7199 .6950 96.541 





Mean, 96,512, + .0055 





*Ann. Chem. Pharm., 113, 22. 1860. Ann. Chim. Phys. (3), 55, 1209. 


yj Proc. Amer. Acad., 29, 55. 


1893. 


< 
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In the second series of experiments a small excess of silver was added 
as before, and the precipitate of silver chloride was removed by filtra- 
tion. The filtrate and wash waters were concentrated to small bulk 
whereupon a trace of silver chloride was obtained and taken into account. 
The excess of silver remaining was then thrown down as silver bromide, 
and from the weight of the latter the silver was calculated, and. sub- 
tracted from the original amount. 


Ag. BaCl,. Ratio. 
6.59993 6.36974 96.512 
5.55229 5.36010 96.539 
4.06380 3.92244 96.522 





Mean, 96.524, + .0054 
The third series involved mixing solutions of barium chloride and 
silver in as nearly as possible equivalent amounts, and then determining 
the actual quantities of silver and chlorine left unprecipitated. The 
filtrate and wash waters were divided into two portions, one-half being 
evaporated with hydrobromic acid and the other with silver nitrate. 


The small amounts of silver bromide and chloride thus obtained were 
determined by reduction and the use of Volhard’s method : 


Ag. Bac. Ratio. 
4.4355 4.2815 96.528 
2.7440 2.6488 96.531 
6.1865 5.9712 96.520 
3.4023 3.2841 96.526 





Mean, 96.526, + .0035 


Two final experiments were carried out by Stas’ method, somewhat as 
in the first series, with variations and greater refinement in the observa- 
tion of the end point. The results were as follows : 


Ag. BAG. Ratio. 
6.7342 6.50022 96.525 
10.6023 10, 23365 96.523 





Mean, 96.524, -+ .0007 


A careful study of Richards’ paper will show that, although the last 
two experiments are probably the best, they are not entitled to such pre- 
ponderance of weight as the “probable error” here computed would 
give them. I therefore treat Richards’ work as I have already done that 
of Marignae and Dumas, regarding all of his series as one, which gives for 
the value of the ratio 96.520, + .0025. This combines with the previous 
series thus: 


BARIUM. 12T 


BBOUBE eet eon 2g 6 Onl duet cing oalere 96.457, - .0036 
IManionac ne penetra. eftise)us)5'% aaron 96.360, + .0024 
DUI ASHE Toe eT ia ies fos hecin ek eesti 96.316, + .0055 
RIG DATS ee sete terstoneic vole. os1e a/s Sosiproisiets, eave 96.520, + .0025 

Generallmeanbe yy. ens sche ses faeces 96.434, - .0015 


The ratio between silver and crystallized barium chloride has also 
been fixed by Marignac.* The usual method was employed, and two 
series of experiments were made, in the second of which the water of crys- 
tallization was determined previous to the estimation. Five grammes of 
chloride were taken in each determination. The following quantities of 
BaCl,.2H,O correspond to 100 parts of silver: 


Nee 109 
A. < 113.135 >} Mean, 113.114 

113.097 

ee 
B. Mean, I13.106 


Teste 2 
lezrece | 


Mean, 113.110, + .0079 





The direct ratio between the chlorides of silver and barium has been 
measured by Berzelius. Turner, and Richards. Berzelius + found of 
barium chloride proportional to 100 parts of silver chloride— 


72.432 
72.422 





Mean, 72.427 


Turner { made five experiments, with the following results : 


72.754 
72.406 
72.622 
72,664 


72.053 
Mean, 72.680, + .0154 





Of these, Turner regards the fourth and fifth as the best; but for 
present purposes it is not desirable to so discriminate. 

Richards’ determinations § fall into three series, and all are character- 
ized by their taking into account chloride of silver recovered from the 
wash waters. In the first series the barium chloride was ignited at low 
redness in air or nitrogen; in the second series it was fused in a stream 
of pure hydrochloric acid; and in the third series it was not ignited at 
all. In the last series it was weighed in the crystallized state, and the 





* Journ. fiir Prakt. Chem., 74, 212. 1858. 
+ Poggend. Annalen, 8, 177. 

t Phil. Trans., 1829, 291. 

7 Proc. Amer. Acad., 29, 55, 1893. 
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amount of anhydrous chloride was computed from the data so obtained. 
The data, corrected to vacuum standards, are as follows: 





AgCl. BaCl,. Ratio. 
( 8.7673 6.3697 72.653 ) 
| 5-1979 3-7765 72.654 | 
A, ~ 4.9342 3.5846 72.648 | Mean, 72.649 
| 2.0765 1.5085 72.646 | 
(4.4271 3.2163 72.650 ) 
(Oz27 32 1.52384 72.650 ) 
Banas Ole 5.36010 72.669 Mean, 72.0563 
_5-39906 3.92244 72.650 \ 
{ 8.2189 5.97123 72.6524 
" (| 4.5199 3.28410 | 72.6587 Mean; 72,6555 
Mean, 72.653, -+ OOo14 


If we assign Berzelius’ work equal weight with that of Turner, the 
three series representing the ratio 2AgCl : BaCl, combine as follows - 


Berzeliusysi:: seekers ee merece einen: eiccbcie sare (2A2 == ONS: 
Mucner cc ferciercaet Oca ete eee roe was 72.680, + .0154 
Richard seis aieesscs seeerede eee ere as eae 72.653, + .0014 

Generalim canteen newer tei ars 72.650, + .0014 


Incidentally to some of his other work, Marignac* determined the 
percentage of water in crystallized barium chloride. Two sets of three 
experiments each were made, the first upon five grammes and the socond * 
upon ten grammes of salt. The following are the percentages obtained : 


se) 

A. 2 14.796 > Mean, 14.795 
( Bi soo: | 
Waiee 

B. 4 14.81 Mean, 14.803 
ieee 





Mean, 14.799, + .0018 


The ratio between barium nitrate and barium sulphate has been de- 
termined only by Turner.t According to his experiments 100 parts of 
sulphate correspond to the following quantities of nitrate: 


112,060 


111,990 
112.035 





Mean, 112.028, + .014 
For the similar ratio between barium chloride and barium sulphate, 


there are available determinations by Turner, Berzelius, Struve, Marignac, 
and Richards. 





* Journ. fiir Prakt. Chem., 74, 312. 1858. 
+ Phil. Trans., 1833. 538. 
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Turner * found that 100 parts of chloride ignited with sulphuric acid 
gave 112.19 parts of sulphate. By the common method of precipitation 
and filtration a lower figure was obtained, because of the slight solubility 
of the sulphate. This point bears directly upon many other atomic 
weight determinations. 

Berzelius,t treating barium chloride with sulphuric acid, obtained 
the following results in BaSO, for 100 parts of BaCl,: 


W207, 
112.18 





Mean, 112.175 


Struve, { in two experiments, found : 


112.0912 
112.0964 


Mean, 112.0938 





Marignac’s § three results are as follows: 


8.520 grm, BaCl, gave 9.543 BaSQ,. Ratio, 112,007 
8.519 ae Ou544e ts SLD ORY? 
8.520 i: gu5427 COLLIE OOS 





Mean, 112.011, + .oo7I 


Richards, in his work on this ratio, regards the results as of shght 
value, because of the occlusion of the chloride by the sulphate. This 
source of error he was never able to avoid entirely. Another error in 
the opposite direction is found in the retention of sulphuric acid by the 
precipitated sulphate. Eight experiments were made in two series, one 
set by adding sulphuric acid to a strong solution of barium chloride ina 
platinum crucible, the other by precipitation in the usual way. Rich- 
ards gives in his published paper only the end results and the mean of 
his determinations ; the details cited below I owe to his personal kind- 
ness. The weights are reduced to vacuum standards: 


BaCi,. Bas. Ratio. 

( 1.78934 2.0056 112,086 

| 2.07670 2.3274 112.072 

First J 1.58311 1.7741 112,064 
3027563 3.6712 112.076 

| 3.02489 3.3903 112.080 

| 3.87091 4.3385 112.080 

{ 3.02489 3.9726 112.076 

eo cone (3.87091 3.4880 112.085 


Mean, 112.077, -+ .O017 








* Phil. Trans., 1829, 291. 

+ Poggend. Annalen, 8, 177. 

ft Ann. Chem. Pharm., 80, 204. 1851. 

2 Journ. fir Prakt. Chem., 74, 212. 1858. 
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This mean is subject to a small correction due to loss of chlorine on 
drying the chloride, which reduces it to 112.073. Omitting Turner’s 
single determination as unimportant, and assigning to the work of Ber- 
zelius and of Struve equal weight with that of Marignac, the measure- 
ments of this ratio combine thus: 


= idsahete son SH AIST Pe ve cuca 112,175, + .0o71 
SULUVEN, Hea cus cst Aeterna or cee Pere Rare ch apn 112,094, -- .0071 
Maiionacinci, 50 cAcee te renemtsete roicses Li2.OMi = OO 70 
Richards ese vih cents ce ae ete eee eee cue sceces 112,073, -— .ObI7 

Generali mean seers nie 112.075, - .0016 


In an earlier paper than the one previously cited, Richards * studied 
with great care the ratios connecting barium bromide with silver and 
silver bromide. The barium bromide was prepared by several distinct 
processes, its behavior upon dehydration and even upon fusion was 
studied, and its specific gravity was determined. The ratio with silver 
was measured by titration, a solution of hydrobromic acid being used 
for titrating back. The data are subjoined, with the BaBr, equivalent 
to 100 parts of silver stated : 


Babr,. Ag. Ratio, 
2.28760 1.66074 137.746 
3.47120 2.52019 137.730 
2.19940 1.59687 137-732 
2.35971 S23 137-735 
2.94207 2.13584 137.748 
1.61191 1.17020 137-747 
2.10633 1.52921 137.740 
2.19682 2,11740 137.755 
2.37290 1.72276 137.738 
1.84822 1.34175 137.747 
5-66647 4.11360 137.750 
3.52670 2.56010 137.756 
4.31690 3-13430 37-731 
3-36635 2.44385 137.748 
3.40347 2.51415 137-759 





Mean, 137.745, 2 .OO15 


The silver bromide in most of these determinations, and in some others, 
was collected and weighed in a Gooch crucible with all necessary pre- 
cautions. Vacuum standards were used throughout for both ratios. I 
give in a third column the BaBr, equivalent to 100 parts of AgBr: 


2? Proc. Amer. Acad., 28. 1893. 
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BaBbr,. Ag Br. Ratio. 
2.28760 2.89026 79.149 
3.47120 4.38635 79.136 
3.81086 4.81688 79.133 
2.35971 2.98230 79.124 
2.94207 3.71809 79.129 
2.10633 2.66191 79.128 
2.91682 3.68615 79.129 
2.37290 2.99868 79.131 
1.84822 2.33530 79.143 
1.90460 2.407 33 79.116 
5.66647 7.16120 79.127 
3.52670 4.45670 79-133 
2.87743 3.63644 79-127 
3.46347 4.37669 79-135 





Mean, 79.132, + .0015 


The ratios for barium now sum up as follows: 


(1.) Ag, : BaCl, : : 100 : 96.434, + .0015 

(2!)) Ag, : Ba€l) 20: : 100 : 113. 110; 3= .0079 

(3.) 2AgCl: BaCl, : : 100 : 72.650, + .oor4 

(4.) Per cent. of H,O in BaCl,.2H,O, 14.799, + .oo18 
(5.) BaSO, : BaN,O, : : 100 : 112.028, + .014 

(6.) BaCl, : BaSO,: : 100: 112.075, + .0016 

(7.) Ag, : BaBr, : : 100 : 137.745, - .OO15 

(8.) 2AgBr: BaBr, : : 100: 79.132, ++ .0OI5 


The reduction of these ratios depends upon the subjoined antecedent 


values: 


With these factors four estimates are obtainable fo 


Ag = 107.108, + .0031 N == 113,085, a= ox! 
Cl = 35.179, + .0048 S == 31.828, += .0015 
Br = 79.344, + .0062 Ag Cli == 142528750087 
O = 15.879, + .0003 AgBr = 186.452, + .0054 


RB 


the molecular 


weight of barium chloride: 








EDOM (I) Bbspeeerepetneua siencrcley ciatersva;eats BaCl, = 206.577, -— .0068 
ESO na (2) ere ee enone one see isl sis och ‘¢ = 206,542, + .0183 
HIROMN (Bi) einer ree ieee etete reve ieieks ee == 2065745 = 0007 
EIGO NMA (A) Veyertyars we ctaiete ce atsrer sais s0 ehe t= 205.866, += .0257 

(General emeanee esata BaCl, = 206.629, + .0045 

For barium bromide we have: 

rom (7) ee ereeieoc tae see eras BaBr, = 295.070, + .0091 
STO (3) reeset lee peretish eee re cies ‘¢ = 295.086, + .o102 

Generalimeanea en erin BaBr, = 295.078, + .0068 
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And for barium itself, four values are finally available, thus: 


From molecular weight BaCl,....... Ba = 136.271, += .o106 
From molecular weight BaBr,....... *==1 36.300) ==) 0145: 
From. ratio. (5) eae cotee semen ‘¢ — 135.600, + .2711 
Hromration(6)ieeren meer ere + == 1362503) -=-0940 

Generalimean! 7 2. eens. Ba = 136,315, + .0085 


Or, if O = 16, Ba = 187.354. 


In the foregoing computation all the data, good or bad, are included. 
Some of them, as shown by the weights, practically vanish ; but others, 
as in the chloride series, carry an undue influence. A more trustworthy 
result can be deduced from Richards’ experiments alone, which reduce 
as follows: 





iromipAG auba Cll iemce terrae BaCl, = 206.761, + .0080 
Bromie2Ao Cleviba Clit. serena Se —)2005715 4 O07) 
General mean............. BaCl, = 206.755, + .0051 


From the bromide, as given above, Ba = 136.390, + .0141. From the 
value just found for the chloride, Ba = 156.397, + .0109. Combining 
the two values— 





Ba = 136.392, + .0086. 


Or, if O = 16, Ba = 187.434. This determination will be adopted in 
subsequent calculations as the most probable. 


bo 
cy 


LEAD. ] 


LEAD. 


For the atomic weight of lead we have to consider experiments made 
upon the oxide, chloride, nitrate, and sulphate. The researches of Ber- 
zelius upon the carbonate and various organic salts need not now be 
considered, nor is it worth while to take into account any work of his 
done before the year 1818. The results obtained by Débereiner* and 
by Longchamp f are also without special present value. 

For the exact composition of lead oxide we have to depend upon the 
researches of Berzelius. His experiments were made at different times 
through quite a number of years; but were finally summed up in the 
last edition of his famous “ Lehrbuch.” { In general terms his method 
of experiment was very simple. Perfectly pure lead oxide was heated 
in a current of hydrogen, and the reduced metal weighed. From his 
weighings I have calculated the percentages of lead thus found and 
given them in a third column: 


Earlier Results. 


8.045 grm. PbO gave 7.4675 grm. Pb. 92.8217 per cent. 
14.183 “s 13.165 Bs 92.8224 “ 
10.8645 es 10.084 a 02. Sl00N ys 
13.1465 ‘ T22OAb 9270340) ae 
21.9425 ih 20.3095) 7 92.8313 
PIuSO “ 10.359 Hi Opiz(or) Of 

Latest. 

6.6155 ub 6.141 “ 92552715) ee 
14.487 a 3.448 se 92.8280 “ 
14.626 se BRST wks Gwfeica oS 





Mean, 92.8271, + .O0013 


For the synthesis of lead sulphate we have data by Berzelius, Turner, 
and Stas. Berzelius,§ whose experiments were intended rather to fix 
the atomic weight of sulphur, dissolved in each estimation ten grammes 
of pure lead in nitric acid, then treated the resulting nitrate with sul- 
phurie acid, brought the sulphate thus formed to dryness, and weighed. 
One hundred parts of metal yield of PbSO,: 

146.380 
146.400 
146.440 
146.458 





Mean, 146.419, + .Oo12 





* Schweig. Journ., 17, 241. 1816. 
+ Ann. Chim. Phys., 34, 105. 1827. 
t Bd. 3, s. 1218. 

2 Lehrbuch, 5th ed., 3, 1187. 
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Turner-* in three similar experiments, found as follows: 
d 


146.430 
146.398 
146.375 





Mean, 146,401, + .OII 


In these results of Turner’s, absolute weights are implied. 

The results of Stas’ syntheses,t effected after the same general method, 
but with variations in details, are as follows. Corrections for weighing 
in air were applied : 

146.443 
146.427 
146.419 
146.432 
146.421 
146.423 


Mean, 146.4275, + .0024 


Combining, we get the subjoined result: 


Berzeliust seers ece cen: 146.419, -.012 

ERIEN ET Recher eae creT Oe Noro ates 146.401, - .OII 

Stasivpaeip cde terre reer iro von aeoe re 146.4275, + .0024 
Generalinmeaneer ee 146.4262, + .0023 


Turner, in the same paper, also gives a series of syntheses of lead sul- 
phate, in which he starts from the oxide instead of from the metal. One 
hundred parts of PbO, upon conversion into PbSO,, gained weight as 


follows: : 
35-84 
35/1 
35-84 
35-75 
35-79 
35.78 
35.92 





Mean, 35.804, + .018 


These figures are not wholly reliable. Numbers one, two, and three 
represent lead oxide contaminated with traces of nitrate. The oxide of 
four, five, and six contained traces of minium. Number seven was free 
from these sources of error, and, therefore, deserves more consideration. 
The series as a whole undoubtedly gives too lowa figure, and this error 
would tend to slightly raise the atomic weight of lead. 


* Phil. Trans., 1833, 527-538. 
+ Aronstein’s translation, 333. 
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Still a third series by Turner establishes the ratio between the nitrate 
and the sulphate, a known weight of the former being in each experi- 
ment converted into the latter. One hundred parts of sulphate represent 

of nitrate: 
109. 312 
109.310 
109, 300 


Mean, 109.307, -+ .002 





In all these experiments by Turner the necessary corrections were 
made for weighing in air. 

In 1846 Marignac* published two sets of determinations of only 
moderate value. First, chlorine was conducted over weighed lead, and 
the amount of chloride so formed was determined. ‘The lead chloride 
was fused before weighing. The ratio to 100 Pb is given in the last 
column: 


20.506 grm. Pb gave 27.517 PbCl,. 134.190 
16,281 wf PAROH ON cu 34.225 
25.454 7. 34.149 “ 134.159 





Mean, 134.191, - .013 


Secondly, lead chloride was precipitated by silver nitrate and the ratio 
between PbCl, and 2AgCl determined. The third column gives the AgCl 
formed by 100 parts of PbCl,: 


12.534 grm, PbCl, gave 12.911 AgCl. 103.01 
14.052 t TAB SOGR) fo: 103.23 
25.533 : 26.399“ 103.39 





Mean, 103.21, + .0745 


For the ratio between lead chloride and silver we have a series of re- 
sults by Marignac and one experiment by Dumas. ‘There are also un- 
available data by Turner and by Berzelius. 

Marignac,f applying the method used in his researches upon barium 
and strontium, and working with lead chloride which had been dried at 
200°, obtained these results. The third column gives the ratio between 
PbCl,, and 100 parts of Ag: 


4.9975 grm. PbCl, = 3.8810 grm. Ag. 128.768 
4.9980 a 3.8835 i 128.698 
5.0000 “s 3.8835 a 128.750 
5.0000 ‘s 3.8860 me 128.667 





Mean, 128,721, + .o16 


Dumas,f{ in his investigations, found that lead chloride retains traces 








*Ann. Chem. Pharm., 59, 289, and 290. 1846. 
} Journ. fiir Prakt. Chem., 74, 218. 1858. 
tAnn. Chem. Pharm., 113, 35. 1860. 
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of water even at 250°, and is sometimes also cgntaminated with oxychlo- 
ride. In one estimation 8.700 grammes PbCl, saturated 6.750 of Ag. 
The chloride contained .009 of impurity ; hence, correcting, Ag : PbCl, : : 
100 : 128.750. If we assign this figure equal weight with those of Marig- 
nac, we get as the mean of all 128.7266, + .018. The sources of error in- 
dicated by Dumas, if they are really involved in this mean, would tend 
slightly to raise the atomic weight of lead. 

The synthesis of lead nitrate, as carried out by Stas,* gives excellent 
results. Two series of experiments were made, with from 103 to 250 
grammes of lead in each determination. The metal was dissolved in 
nitric acid, the solution evaporated to dryness with extreme care, and 
the nitrate weighed. All weighings were reduced to the vacuum standard. 
In series A the lead nitrate was dried in an air current at a temperature 
of about 155.° In series B the drying was effected in vacuo. 100 of lead 
yield of nitrate : - 

A, 
159.973 
159.975 
159.982 
159.975 
159.968 
159.973 


Mean, 159.9743, - .0O12 





B. 
159.970 
159.964 
159.959 
159.905 


Mean, 159.9645, -+ .OO15 
Mean from both series, 159.9704, -+ .oO010 


There is still another set of experiments upon lead nitrate, originally 
intended to fix the atomic weight of nitrogen, which may properly be 
included here. It was carried out by Anderson} in Svanberg’s labora- 
tory, and has also appeared under Svanberg’s name. Lead nitrate was 
carefully ignited, and the residual oxide weighed, with the following 
results : 

5.19485 grm. PbN,O, gave 3.5017 grm. PbO. 67.4071 per cent. 


9.7244 * 6.5546 0 07,4037 
9.2181 ss 6.2134 a 67.4044 ‘* 
9.6530 ‘ 6.5057 6723957) 





Mean, 67.4027, + .0o16 








* Aronstein’s translation, 316. 
+ Ann. Chim. Phys. (3), 9, 254. 1843. 
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We have now nine ratios from which to compute: 


(1.) Per’cent. of Pb in PbO, 92.8271, + .0013 
(2.) Per cent of PbO in PbN,O,, 67.4027, + .0016 
(3.) Pb: PbSO, : : 100 : 146.4262, + .0023 


7, 


(4.) PbO : PbSO,: : 100: 135.804, + .0180 
(5.) PbSO, : PbN,O, : : 100 : 109.307, + .0020 
(6.) Pb: PbN,O, : : 100 : 159.9704, + .O0oI0 
(72) Bb: PG), 2: 100: 134.191, = (013 

(8.) PbCl, : 2AgCl : : 100 : 103.21, + .0745 
(9.) Ag, : PbCl, : : 100 : 128.7266, + .0130 


To reduce these ratios we must use the following data: 


O = 15.879, + .0003 S = 31.828, + .0015 
Ag = 107.108, + .0031 N° ==" 137035, += 0021 
Cl = 35.179, = .0048 AgCl = 142.287, +. 0037 


For the molecular weight of lead oxide we now get three estimates : 





OMIM CET Meyer cyets toe eer eters cache oss PbO = 221.375, + .0403 
ronan (2) icra toinseracteines lass =e 22a O04 Ola 
FOR (A) craps oie fatal vias eslepsereiee a S$ ‘221-9445 == LO 

(enerallmecanie anit PbO) == 225.757, = 0125 

For lead chloride we have— 

JOON) adoar Pqcao cones hand oc PbGl) = 275:72352= sloc9 
Prot ((C)) gage. bd oudenso me cease 2 So O2 90 

Generalbmeants a. .-ie- 6. ¢ Pb@), ==275.752, == 0287 


Including these results, six values are calculable for the atomic weight 
of lead: 


From molecular weight of PbO...... Pb = 205.878, + .0126 
From molecular weight of PbCl,...., <* == 205.304, == .0302 
Hiromna (3) ers siete sterner cists aastoe'> ‘€ — 205.367, += .OO51 
TOTNES) Eee nett oo otal a SS == 2032352, == .0470 
Eir@iiy (6) renee tsar ieenepseicrsicr ser cteno fe ss “S = 205.341, == 0008 
EUECSURE (7 ar eatate [eeas che ysis) tate pars, sh 2. = '2i 8 “* — 205.779, -— .0831 

Generalimeaninn).c seis ves. s 67 Pb = 205.395, — .0038 


If O= 16, Pb = 206.960. If we reject the first, fourth, and sixth of 
these values, which are untrustworthy, the remaining second, third, and 
fifth give a general mean of Pb = 205.358, + .0040. If O—16, this 

- becomes Pb = 206.923. From Stas’ ratios alone Stas calculates Pb = 
206.918 to 206.934; Ostwald finds 206.911; Van der Plaats (A), 206.9089, 
(B), 206.9308, and Thomsen 206.9042. The value adopted here repre- 
sents mainly the work of Stas, and with H = 1 is 


Pb = 205.358, + .0040. 
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GLUCINUM. 


Our knowledge of the atomic weight of glucinum is chiefly derived 
from experiments made upon the sulphate. Leaving out of account the 
single determination by Berzelius,* we have to consider the data fur- 
nished by Awdejew, Weeren, Klatzo, Debray, Nilson and Pettersson, and 
Kriiss and Moraht. 

Awdejew, +t whose determination was the earliest of any value, analyzed 
the sulphate. The sulphuric acid was thrown down as barium sulphate ; 
and in the filtrate, from which the excess of barium had been first re- 
moved, the glucina was precipitated by ammonia. The figures which 
Awdejew publishes represent the ratio between SO, and G1O, but not 
absolute weights. As, however, his calculations were made with SO, = 
501.165, and Ba probably = 855.29, we may add a third column showing 
how much BaSO, is proportional to 100 parts of GlO: 


SOx G1O. Ratio. 
4457 1406 921.242 
453! 1420 927.304 
7816 2480 915.903 
12880 4065 920.814 





Mean, 921.316, + 1.577 


The same method was followed by Weeren and by Klatzo, except that 
Weeren used ammonium sulphide instead of ammonia for the precipita- 
tion of the glucina. Weeren? gives the following weights of GlO and 
BaSO,. The ratio is given in a third column, just as with the figures by 
Awdejew: 


GlO. BaSO,. Ratio. 
3163 2.9332 927.031 
.2872 2.6377 918 419 
+2954 2.7342 925.592 
5284 4.8823 902.946 





Mean, 918.497, + 3.624 


Klatzo’s § figures are as follows, with the third column added by the 
writer : 


G1O. BaSo,. Ratio. 

.2339 2.1520 920.052 

.1910 1.7556 919.162 

‘ . 2673 2.4872 930.490 
-3585 3.3115 923.710 

“te 2800 2.5842 922.989 





Mean, 923.281, + 1.346 


* Poggend. Annal., 8, 1. 

7 Poggend. Annal., 56, 106. 1842. 

t Poggend. Annal., 92, 124. 1854. 

2 Zeitschr. Anal. Chem., 8, 523. 1869. 
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Combining these series into a general mean, we get the subjoined result : 


PAGE| EWM Ae rercls, 3) stein a eae arte ate 921.316, + 1.577 
IVC CLENe ant eN ERY tactics able ahaane 918.497, + 3.624 
SL AtZO Perens tar licoae cue aislet ess aut tote aks iote 923.281, -- 1.346 





Seeman sate eieyia. sitet 922.164, + 0.985 


Hence G1O = 25.130, + .0269. 

Debray* analyzed a double oxalate of glucinum and ammonium, 
GI1(NH,),C,O,. In this the glucina was estimated by calcination, after 
first converting the salt into nitrate. The following percentages were 
found : 

Tove 


ite 
11.6 





Mean, 11.433, + .O81 


The carbon was estimated by an organic combustion. I give the 
weights, and put ina third column the percentages of CO, thus obtained : 


Salt. GO; Per cent. CO). 
.600 477 79-500 
-603 .478 79.270 
. 600 -477 79.500 





Mean, 79.423, + .052- 


Calculating the ratio between CO, and G1O, we have for the molecular 
weight of the latter, GIO = 25.151, + .1783. 

In 1880 the careful determinations of Nilson and Pettersson appeared.t 
These chemists first attempted to work with the sublimed chloride of 
glucinum, but abandoned the method upon finding the compound to 
be contaminated with traces of lime derived from a glass tube. They 
finally resorted to the crystallized sulphate as the most available’ salt 
for their purposes. This compound, upon strong ignition, yields pure 
glucina. The data are as follows: 


G1SO,.4H1,0. G1O. Fer cent. G1O. 
3.8014 5387 14.171 
2.6092 3697 14.169 
4.3072 .6099 14.160 
3.0091 7 .4266 14.176 


Mean, 14.169, + .0023 


Kriiss and Moraht { in their work follow the general method adopted 





* Ann. Chim. Phys. (3), 44, 37. 1855. 
+ Berichte d. Deutsch. Chem. Gesell., 13, 1451. 1880. 
tAnn. d. Chem., 262, 38. 1891. 
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by Nilson and Pettersson, but with various added precautions and greater 
elaboration of detail. Their glucina was derived from three sources, 
namely, leucophane, beryl, and gadolinite, and the sulphate was repeat- 
edly recrystallized. The results are subjoined : 


GlSO,.4F1,0. G/1O. Fer cent. GLO. 
21.1928 3.0008 14.160 
16,2038 2.29455 14.161 
15.49345 2.1902 14.136 
20,1036 2.8433 14.143 
22.0465 3.1167 14.137 

4.9619 .7019 14.146 
18.3249 2.5921 14.145 
24.3907 3-9253 14.143 
20, 18045 2.85255 14.135 
20,0253 2.8328 14.146 
18.9840 2.6832 14.134 
17.0072 2.407 3 14.155 
22,5044 3.1805 14.133 
20.88675 2.95645 14.154 
19.0591 2.69305 14.130 
17.8227 2.5226 14.153 





Mean, 14.144, + .OO17 


The first two determinations, which give the highest percentage, were 
made upon sulphate thrice crystallized. The others were made upon a 
salt four times crystallized, except in one instance, when there were five 
erystallizations. ‘To the data derived from the four times crystallized 
compound Kriiss and Moraht give preference, and so find a slightly 
lower value for the atomic weight of glucinum. Combining, we have for 
the mean percentage : 


By, NilsonjandPetterssonmnee ne eee ae 14.169, -- .0023 
Byalsniss sandy Monat measles erste 14.144, + .0017 
Generalsmeanpeei erin nre ete: 14.153, + .0014 


Taking now all the data for glucinum, we haye— 


) GIO: BaSO, : : 100: 922,164, + .985 


(Qe 
(2.) 4€O, : GIO: : 79.423, += .0052': 11.433, +E .081 
(3.) Percentage of GIO in GISO,.4H,O, 14.153, + 0014 


The antecedent atomic weights are— 


© = 1528710) += -00038 Ce — O20) 


Ee .0004 
S = 31.828, + .oo15 Ba = 136.392, 


0086 


Ir tr 
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Hence the subjoined values for glucina: 


EON LN) eens bcd suas tels esis barre evoycoere GIO = 25.130, + .0269 
PARGUUIN (CNet een cree oes is ws oto ere (¢ == 2e.157,- 1783 
AUTOM) epetera emer Tyee a ke wkd, alas sieved ‘ — 24.891, + .0025 
Generalimeanaee sec ccics ae G1O = 24.893, + .0025 

And Gl= 9.014, + .0025 


ff-O =" 16, Gl = 9.083. 
All the values but that derived from the third ratio might obviously 
be rejected. Their influence upon the final mean is altogether trivial. 


MAGNESIUM. 


There is perhaps no common metal of which the atomic weight has 
been subjected to closer scrutiny than that of magnesium. The value 
is low, and its determination should, therefore, be relatively free from 
many of the ordinary sources of error; it is extensively applied in chem- 
ical analysis, and ought consequently to be accurately ascertained. 
Strange discrepancies, however, exist between the results obtained by 
different investigators; so that the generally accepted figure cannot be 
regarded as absolutely free from doubt. 

The early determinations made by Berzelius, Longchamp, and Gay- 
Lussac need not be considered here, as they have only antiquarian value. 
The investigations which demand attention are those of Scheerer, Svan- 
berg and Nordenfeldt, Jacquelain, Macdonnell, Bahr, Marchand and 
Scheerer, Dumas, Marignac, Burton and Vorce, and Richards and Parker. 

Scheerer’s method of investigation was exceedingly simple.* He 
merely estimated the sulphuric acid in anhydrous magnesium sulphate, 
employing the usual process of precipitation as barium sulphate. ‘He 
gives no weighings, but reports the percentages of SO, thus found. In 
his calculations, O = 100, SO, = 500.75, and BaO = 955.29. It is easy, 

‘therefore, to recalculate the figures which he gives,so as to establish 
what his method really represents, viz., the ratio between the sulphates 
of barium and magnesium. 

Thus revised, his four analyses show that 100 parts of MgSO, yield 
the following quantities of BaSO,: 

FEV Gent SO; 


193.575 66.573 
193.677 66,608 
193.767 66.639 
193.631 66.592 





Mean, 193.6625, + .0274 





* Poggend. Annalen, 69, 535. 1846. 
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In a later note * Scheerer shows that the barium sulphate of these ex- 
periments carries down with it magnesium salts in such quantity as to 
make the atomic weight of magnesium 0.039 too low. 

The work of Bahr, Jacquelain, Macdonnell, and Marignac, and in part 
that of Svanberg and Nordenfeldt, also relates to the composition of 
magnesium sulphate. 

Jacquelain’s experiments were as follows: + Dry magnesium sulphate 
was prepared by mixing the ordinary hydrous salt to a paste with sul- 
phurie acid, and calcining the mass in a platinum crucible over a spirit 
lamp to constamt weight and complete neutrality of reaction. This dry 
sulphate was weighed and intensely ignited three successive times. The 
weight of the residual MgO having been determined, it was moistened 
with sulphuric acid and recalcined over a spirit lamp, thus reproducing 
the original weight of MgSO,. Jacquelain’s weighings for these two 
experiments show that 100 parts of MgO correspond to the quantities 
of MgSO, given in the last column: 


1.466 grm. MgSO, gave .492 grm. MgO. 297.968 
2402 EN Ie.@) GTA OF ESO), 297.968 


Jacquelain’also made one estimation of sulphuric acid in the foregoing 
sulphate as BaSO,. His result (1.464 grm. MgSO, = 2.838 germ. BaSO,), 
reduced to the standard adopted in dealing with Scheerer’s experiments, 
gives for 100 parts of MgSO,, 193.852 BaSO,. If this figure be given equal 
weight with a single experiment in Scheerer’s series, and combined with 
the latter, the mean will be 193.700, + .0331. This again is subject to 
the correction pointed out by Scheerer for magnesium salts retained by 
the barium sulphate, but such a correction determined by Scheerer for 
a single experiment is only a rough approximation, and hardly worth 
applying. 

The determinations published by Macdonnell{ are of slight impor- 
tance, and all depend upon magnesium sulphate. First, the crystallized 
salt, MgSO,.7H,O, was dried in vacuo over sulphuric acid and then de- 
hydrated at a low red heat. The following percentages of water were 
found: 

sly 
S113 
51.14 
51.26 
51.28 


51.29 





Mean, 51.21, + .020 





* Poggend. Annalen, 70, 407. 
+ Ann. Chim. Phys. (3), 32, 202. 
{ Proc. Royal Irish Acad., 5, 303. British Association Report, 1852, part 2, p. 36. 
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Secondly, anhydrous magnesium sulphate was precipitated with ba- 
rium chloride. From the weight of the barium sulphate, with SO, = 
80 and Ba = 137, Macdonnell computes the percentages of SO, given 
below. I calculate them back to the observed ratio in uniformity with 


Scheerer’s work : 


Per cent. SO3. Ratio, MgSO,: BaSOQ,. 
66.67 194.177 
66.73 194.351 
66.64 194.089 
66.65 194.118 


66.69 194.239 


In another experiment 60.05 grains MgSO, gave 116.65 grains BaSO,, 
a ratio of 100: 194.254. Including this with the preceding figures, they 
give a mean of 194.205, + .027. This, combined with the work of 
Scheerer and Jacquelain, 195.700, + .033, gives a general mean of— 


MgsO, : BaSO, : : 100: 194,003, + .021. 


In one final experiment Macdonnell found that 41.44 grains of pure 
magnesia gave 124.40 grains of MgSO,, or 800.193 per cent. 

Bahr’s * work resembles in part that of Jacquelain. This chemist 
converted pure magnesium oxide into sulphate, and from the increase 
in weight determined the composition of the latter salt. From his weigh- 
ings 100 parts of MgO equal the amounts of MgSO, given in the third 
column : : 


1.6938 grm. MgO gave 5.0157 grm. MgSQ,. 296,122 
2.0459 : 6.0648 296.437 
1.0784 oF 3.1925 si 296.040 





Mean, 296.200, + .0815 


About four years previous to the investigations of Bahr the paper of 
Svanberg and Nordenfeldt f appeared. These chemists started with the 
oxalate of magnesium, which was dried at a temperature of from 100° 
to 105° until it no longer lost weight. The salt then contained two 
molecules of water, and upon strong ignition it left a residue of MgO. 
The percentage of MgO in the oxalate comes out as follows : 


7.2634 grm. oxalate gave 1.9872 grm. oxide. 27.359 per cent. 
6.3795 i 1.7464 “ ca [os (eam 
6.3653 os 1.7418 “ Pyne oyy 
6.2216 os 1.7027 a 272 OSwiae 





Mean, 27.3665, + .0023 





* Journ. fiir Prakt. Chem., 56, 310. 1852. 
7 Journ. fiir Prakt. Chem., 45, 473. 1848. © 
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In three of these experiments the MgO was treated with H,SO,, and 
converted, as by Jacquelain and by Bahr in their later researches, into 
MegSO,. One hundred parts of MgO gave of MgSO, as follows: 


1.9872 grm. MgO gave 5.8995 grm. MgSO,. 296.875 
1.7464 oe 5-1783 gc 296.513 
1.7418 e 5.1666 ss 296.624 





Mean, 296.671, - .072 


In 1850 the elaborate investigations of Marchand and Scheerer* ap- 
peared. hese chemists undertook to determine the composition of 
some natural magnesites, and, by applying corrections for impurities, to 
deduce from their results the sought-for atomic weight. The magnesite 
chosen for the investigation was, first, a yellow, transparent variety from 
Snarum ; second, a white opaque mineral from the same locality ; and, 
third, a very pure quality from Frankenstein. In each case the im- 
purities were carefully determined ; but only a part of the details need 
be cited here. Silica was of course easily corrected for by simple sub- 
traction from the sum of all of the constituents; but iron and calcium, 
when found, having been present in the mineral as carbonates, required 
the assignment to them of a portion of the carbonicacid. In the atomic 
weight determinations the mineral was first dried at 300°. The loss in 
weight upon ignition was then carbon dioxide. It was found, however, 
that even here a correction was necessary. Magnesite, upon drying at 
300°, loses a trace of CO,, and still retains a little water ; on the other 
hand, a minute quantity of CO, remains even after ignition. The CO, 
expelled at 300° amounted in one experiment to .054 per cent.; that 
retained after calcination to .055 per cent. Both errors tend in the same 
direction, and increase the apparent percentage of MgO in the magnesite. 
On the yellow mineral from Snarum the crude results are as follows, 
giving percentages of MgO, FeO, and CO, after eliminating silica: 


COF MgO. FeO. 
51.8958 47.3278 -7764 
51.8798 47.3393 .7809 
51.8734 47-3154 S112 
51.8875 47.3372 -7753 





Mean, 47.3299, + .0037 


After applying corrections for loss and retention of CO,, as previously 
indicated, the mean results of the foregoing series become— 


GO; MeO. FeO. 
51.9931 47.2743 .7860 


The ratio between the MgO and the CO,, after correcting for the iron, 
will be considered further on. 


* Journ. fiir Prakt. Chem., 50, 385. 
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Of the white magnesite from Snarum but a single analysis was made, 
which for present purposes may be ignored. Concerning the Franken- 
stein mineral three series of analyses were executed. In the first series 
the following results were obtained : 


8.996 grm, CO, = 8.2245 grm. MgO, 47.760 per cent. MgO. 
7-960 ai ea 47.761 i 
9.3265 > 8.529 i 47.767 r, 
7-553 ‘ 6.9095 47-775 si 





Mean, 47.766, + .0022 


This mean, corrected for loss of CO, in drying, becomes 47.681. I give 
series second with corrections apphed: 


6.8195 grm. MgCO, gave 3.2500 grm. MgO, 47.658 per cent. 


11.3061 ee 5.3849 : ATRO2 Sime 
9.7375 s 4.635 y 47.599“ 
12.3887 s 5-9033 os A O5ORme s 
32.4148 a 15.453 a 47.674“ 
38.8912 ‘ 18.5366 se A7ROOR es 
26.5223 es 12.6445 es AGS, 





Mean, 47.650, -+ .0069 


The third series was made upon very pure material, so that the cor- 
rections, although applied, were less influential. The results were as 
follows : 


4.2913 grm. MgCO, gave 2.0436 grm, MgO. 47.622 per cent. 


27.8286 re 13.2539 ue 47302 7s 
14.6192 6.9692 ns Alp 
18.3085 ug 8.7237 as 47/049) ee 





Mean, 47.642, + .0077 


In asupplementary paper* by Scheerer, it was shown that an impor- 
tant correction to the foregoing data had been overlooked. Scheerer, re- 
examining the magnesites in question, discovered in them traces of lime, 
which had escaped notice in the original analyses. With this correction 
the two magnesites in question exhibit the following mean composition : 





Snarum. Frankenstein. 
COP ee ee ee ors ee eas a islets Onna 52.338 
INDO ee ecepaesrer Varese Oley croie tlateis 5 Seecs 46.663 47.437 
CAO Rent peirs hoya eee rei kis EG fala ee .430 .225 
EGO eye eee ters ts clone aioe eis eis BOs | @ Nis ae oe 

100,000 100.000 


Correcting for lime and iron, by assigning each its share of CO,, the 
Snarum magnesite gives as the true percentage of magnesia in pure 


* Ann. d. Chem. und Pharm., r1o, 240. 
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magnesium carbonate, the figure 47.624. To this, without serious mis- 
take, we may assign the weight indicated by the probable error, + .0037, 
the quantity previously deduced from the percentages of MgO given in 
the uncorrected analyses. 

From the Frankenstein mineral, similarly corrected, the final mean 
percentage of MgO in MgCO, becomes 47.628. This, however, represents 
three series of analyses, whose combined probable errors may be prop- 
erly assigned to it. The combination is as follows: 





.0022 
.0069 


.0077 


Result, + .0020, probable error of the general mean. 


It Ht 


We may now combine the results obtained from both magnesites : 





Snarummineralyes epee eee Per cent. MgO, 47.624, - .0037 
Frankenstein mineral....... ef 47.628, + .0020 
General mean....... Per cent. MgO, 47.627, + .0018 


The next investigation upon the atomic weight of magnesium which 
we have to consider is that of Dumas.* Pure magnesium chloride was 
placed in a boat of platinum, and ignited inastream of dry hydrochloric 
acid gas. The excess of the latter having been expelled by a current of 
dry carbon dioxide, the platinum boat, still warm, was placed in a closed 
vessel and weighed therein. After weighing, the chloride was dissolved 
and titrated in the usual manner with a solution containing a known 
quantity of pure silver. The weighings which Dumas reports give, as 
proportional to 100 parts of silver, the quantities of MgCl, stated in the 
third column: 


2.203 grm. MgCl, — 4.964 grm. Ag, 44.380 
2.5215 ee 5.678 eS 44.408 
2. 363 E BeB25.00 + 44.376 
3.994 MS g.O12 HY 44.319 
2.578 5.034. 44.189 
2.872 oe 6,502 sf 44.171 
2.080 By 4.710 ss 44.161 
2.214 .s 5-002 ss 44.262 
2.086 s 4.722 a 44.176 
1,688 fs 3.823 af 44.154 
1.342 ee 3.031 rf 44.276 ~ 





Mean, 44.261, + .020 


This determination gives a very high value to the atomic weight of 
magnesium, which is unquestionably wrong. The error, probably, is 
due to the presence of oxychloride in the magnesium chloride taken, an 


* Ann. Chem, Pharm., 113, 33. 1860. 
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impurity tending to raise the apparent atomic weight of the metal. 
Richards’ and Parker’s revision of this ratio is more satisfactory. 

Marignac, * in 1888, resorted to the old method of determination, de- 
pending upon the direct ratio between MgO and SO,. This ratio he 
measured both synthetically and analytically. First, magnesia from 
various sources was converted into sulphate. The MgSO, from 100 parts 
of MgO is given in the third column: 


MgO. Me SO,. Ratio. 

Meee careers. opera chert: 1.5635 4.6620 2098.17 
DUA sas! alo ses ... 1.4087 4.2025 298.32 
Bears ink ata nc irs 1.5917 4.7480 298. 30 
Ar cinlvterislasicsions 1.4705 4.3855 298.23 
See eee tees ate 1.4778 4.4060 298.15 
Grass Sar etanectereta cis 1,6267 4.8530 298.33 
TEE ee aCe. 1.3657 4.0740 298.37 
Serre ya sisters 1.9575 5-8390 298.29 
OS ection mnetae 1.6965 5.0600 298.26 
TOR ikcceeciaisee 1.8680 5.5715 298. 26 





Mean, 298.27, + .0149 


The magnesia for experiments 1 to 5 was prepared by calcination of 
the nitrate, that of 6 to 8 from the sulphate, and the remaining two from 
the carbonate. But Richards and Rogers} have shown that magnesia 
derived from the nitrate always contains occluded gaseous impurity, so 
that the experiments depending upon its use are somewhat questionable. 
The results tend to give an atomic weight for magnesium which is pos- 
sibly too high. Whether the other samples of magnesia are subject to 
similar objections I cannot say. 

Marignac’s second series was obtained by the calcination of the sul- 
phate, with results as follows: 


Me SO,. MgO. Ratio. 
3-7705 1.2642 2098.25 
4.7396 1.5884 298.39 
3.3830 1.1345 298.19 
4.7154 1.5806 298. 33 
4.5662 1.5302 298.43 
4.5640 1.5300 298.30 
3-2733 1.0979 298.14 
4.8856 1.6378 298.30 
5.0092 1.67G2 298.31 
5.3396 1.7898 298.33 
5-1775 1.7352 298.38 
5.0126 1.6807 298.24 
5.0398 1.6894 208. 32 





Mean, 298 30, + .o150 





* Arch. Sci. Phys. et Nat. (3), Io, 206. 
} Am. Chem. Journ., 15, 567. 1893. 


142 THE ATOMIC WEIGHTS. 


These data may now be combined with the work of previous investi- 
gators, giving Macdonnell’s one result and Jacquelain’s two, each equal 
weight with a single experiment in Bahr’s series: 


IMacdonnell ie) toners eee eo eee 300.193, + .1413 
Jacquelain'. 3. cruise atc meee oe ... 297.968, + .0999 
Bahr 43 ace EL a cette ae eso 296.200, + .0815 
Svanberg and Nordenfeldtie. 3-22). 2:10. - 296.671, -- .0720 
Manionacy Symtheticie ares e riers errile 298.27, - .0149 
Manionacwcallciiatlon srr anette eters 298.30, -+ .O150 

Generalimeantaemerre eee 298.210, + .0103 


3urton and Vorce,* who published their work on magnesium in 1890, 
started out with the metal itself, which had been purified by distillation 
ina Sprengel vacuum. This metal was dissolved in pure nitric acid, 
and the resulting nitrate was converted into oxide by calcination at a 
white heat. The oxide was carefully tested for oxides of nitrogen, which 
were proved to be absent, but occluded gases, the impurity pointed out 
by Richards and Rogers, were not suspected. This impurity must have 
been present, and it would tend to lower the apparent atomic weight of 
magnesium as calculated from the data obtained. ‘The results were as 
follows, together with the percentage of Mg in MgO: 


Mg Taken. MgO Formed. fer cent. Mg. 
- 33009 .54706 60.273 
34512 257252 60.281 
. 26058 43221 60,290 
.28600 -47432 60.297 
-30917 51273 60.299 
.27636 .45853 60.271 
-30457 .60475 60,284 
32411 -53746 60.304 
.32108 53263 60,282 
.28323 .46988 60,262 





Mean, 60,2845, -+ .0027 


The latest determinations of all are those of Richards and Parker,t 
who studied magnesium chloride with all the precautions suggested by 
the most recent researches. The salt itself was not only free from oxy- 
chloride, but also spectroscopically pure as regards alkaline contamina- 
tions, and all weighings were reduced to a vacuum standard. The first 
series of experiments gives the ratio between silver chloride and mag- 
nesium chloride, and I have reduced the data to the form 2AgCl: MgCl, : : 
100:a. The weighings and values for x are subjoined : 





* Am, Chem. Journ., 12, 219. 18g0. 
+ Zeitsch. Anorg. Chem., 13, 81. 1896. 
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Mg Cl,. Agi. Ratio. 
1.33550 4.01952 33-225 
1.51601 4.56369 33.219 
1.32413 3.98528 33.226 
1.40664 4.23297 Boras 
1.25487 3-77670 33 227 





Mean, 33.226, + .0013 


The remaining series of experiments, three in number, relate to the ratio 
2A¢: MegCl,, which was earlier investigated by Dumas. For the elaborate 
details of manipulation the original memoir must be consulted. I can 
give little more than the weights found, and their reduction to the usual 
form of ratio, Ag,: MgCl, :: 100: 2: 


Second Series. 


Mg Cl,. Ag. Ratio. 
2.78284 6.30284 44.152 
2.29360 5.19560 44.145 
2.36579 5.35989 44.130 





Mean, 44.142, + .0043 


This series gives slightly higher results than the others, and the 
authors, for reasons which they assign, discard it: ; 


Third Series. 


Meg Cl,. Ag. Ratio. 
1.99276 4.51554 44.131 
1.78470 4.05256 44.138 
2.12832 4.82174 44.140 
2.51483 5.69714 44.141 
2.40672 5-45294 44.136 
1.95005 4.41747 44.144 





Mean, 44.138, + .0013 


The fourth series, because of the experience gained in the conduct of 
the preceding determinations, is best of all, and the authors adopt its 
results in preference to the others : 


Fourth Series. 


Meg Cl,. Ag. Ratio. 
2.03402 4.60855 44.136 
1.91048 4.32841 44.138 
2.09932 4.75935 44.137 
1.82041 4.12447 44.137 
1.92065 4.35151 44.138 
I, 11172 2.51876 44.138 





Mean, 44.137, + .0003 
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These series combine with that of Dumas as follows 


1D he aera ores obo o vob oe Dee 44.261, -- .0200 
Richards and Parker, second series..... 44.142, + .0043 
Richards and Parker, third series..... . 44.138, - .0013 
Richards and Parker, fourth series...... 44.137, + .0003 

Genevalimcanhan ern eeeriter 44.138, + .0003 


Here the first two values practically vanish, and the third and fourth 


series of Richards 


and Parker appear alone. 


To sum up, we now have the subjoined ratios, bearing upon the atomic 
weight of magnesium : 


aOR enon NN 


OW DAN Po DWH 


To reduce these 


‘ O = 15.879, 
Ag = 107.108, 
Cl = 35.179, 
Sa eilnozo. 


MgSO, : BaSO,: : 100 : 194.003, + .021 

MgO : MgSO, : : 100: 298.210, + .0103 

Per cent. of water in MgSO,, 7H,O, 51.21, + .020 
Per cent. of MgO in oxalate, 27.3665, + .0023 
Per cent. of MgO in carbonate, 47.627, + .0018 
Per cent. of Mg in MgO, 60.2845, + .0027 

2Ag: MgCl, : : 100: 44.138, + .0003 

2AgCl : MgCl, : : 100 : 33.226, + .0o13 





ratios we have 


.0003 Cc TO 2 Ot 
.0031 Ba = 136.392, + .0086 
.0048 AgCl — 142.287, == 

.OOT5 


ethene. he 


For the molecular weight of MgSO,, two values are now calculable: 





Brome (1) \orceiciae 3 circa eee MgSO, = 119.450, + .0137 
Rroma(3))v32). ae cme oon se i D1G'220Ne = Ou7/s 
Generalumecanheerre eae MgSO, = 119.443, + .0135 
Hence Mg = 24.099, + .0136. 
For MgO, three values are found: 
Brom (2) 2 ec nit cvopa'e arene teres MgO = 40.091, + .0023 
Brom (4) acres cisisceneusers phar USN te “ == 40,404) == (0037 
INT (Nodooidogensocmoacacan ood US 22 3017/2, Se (cow 
Generalimeant eee tent MgO = 39.974, + .0014 
Hence Mg = 24.095, + .0014. 
For MgCl, there are two values: 
Birom{(7)))s of waists Serearsisetereienreters MgCl, = 94.551, - .0032 
INN (GNodo coonsee Aneto eee O45 5250 O44: 
Generalimeaneee seers MgCl, = 94.552, + .0026 


Hence Mg = 24.194, + .0099. 
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With the aid of these intermediate values, four estimates of the atomic 
weight of magnesium are available, as follows: 


From molecular weight of MgSO,.... Mg = 24.099, + .0136 
From molecular weight of MgO...... i==)24- O05 =). 00 14: 
From molecular weight of MgCl,..... ‘* — 24,194, + .0099 
BOMmprAatlon (ON hveeieiieni okt s “1c cic)si>: «} evoke ‘© — 24,103, -- .0020 

(Genexalgmean ise syncs 5 ¢ Mg = 24.100, + .OOI! 


If O = 16, this becomes Mg — 24.283. 

On purely chemical grounds the third of the foregoing values, that 
derived from magnesium chloride, seems to be the best. I should un- 
hesitatingly adopt it, rejecting the others, were it not for the fact that it 
rests upon one compound of magnesium alone, and therefore is not ab- 
solutely conclusive. It agrees admirably, however, with the sulphate 
determinations of Marignac, and it is highly probable that it may be 
fully confirmed later by evidence from other sources. 

Marignac’s data, taken alone, give Mg = 24.197. The fourth series of 
Richards and Parker, by itself, gives Mg = 24.180. The approximate 
mean of these, 24.19, may be preferred by many chemists to the general 
mean derived from all the observations. 
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ZINC. 


The several determinations of the atomic weight of zine are by no 
means closely concordant. The results obtained by Gay-Lussac* and 
Berzelius + were undoubtedly too low, and may be disregarded here. 
We need consider only the work done by later investigators. 

In 1842 Jacquelain published the results of his investigations upon 
this important constant. { In two experiments a weighed quantity of 
zine was converted into nitrate, and that by ignition in a platinum cruci- 
ble was reduced to oxide. In two other experiments sulphuric acid 
took the place of nitric. As the zinc contained small quantities of lead 
and iron, these were estimated, and the necessary corrections applied. 
From the weights of metal and oxide given by Jacquelain the percent- 
ages have been calculated : 


Nitric Series. 


9.917 grm. Zn gave 12.3138 grm, ZnO, 80.536 per cent. Zn. 

9.809 Co). | 2NT Seo Si 80.534 ‘a 
Sulphuric Series. 

2.398 grm. Zn gave 2.978 grm. ZnO, 80.524 a 

3-197 i. 3.968 ys 80.570 “ 





Mean of all four, 80.541, + .007 


Hence Zn = 65.723. 

The method adopted by Axel Erdmann § is essentially the same as 
that of Jacquelain, but varies from the latter in certain important details. 
First, pure zinc oxide was prepared, ignited in a covered crucible with 
sugar, and then, to complete the reduction, ignited in a porcelain tube 
in a current of hydrogen. The pure zinc thus obtained was converted 
into oxide by means of treatment with nitric acid and subsequent igni- 
tion in a porcelain crucible. Erdmann’s figures give us the following 
percentages of metal in the oxide: 


80.247 
80.257 
$0, 263 
80.274 





Mean, 80.260, + .0037 
Hence Zn = 64.562. 


* Mémoire d’Arceuil, 2, 174. 

+ Gilb. Annal., 37, 460. 

t Compt. Rend., 14, 636. 

2 Poggend. Annal., 62, 611. Berz. Lehrb., 3, 1219. 
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Upon comparing Erdmann’s results with those of Jacquelain two 
points are worth noticing: First, Erdmann worked with purer material 
than Jacquelain, although the latter applied corrections for the impuri- 
ties which he knew were present; secondly, Erdmann calcined his zine 
nitrate in a porcelain crucible, while Jacquelain used platinum. In the 
latter case it has been shown that portions of zine may become reduced 
and alloy themselves with the platinum of the crucible; hence a lower 
weight of oxide from a given quantity of zinc, a higher percentage of 
metal, and an increased atomic weight. This source of constant error 
has undoubtedly affected Jacquelain’s experiments, and vitiated his 
results. In Erdmann’s work no such errors seem to be present. 

Favre* employed two methods of investigation. First, zine was dis- 
solved in sulphuric acid, the hydrogen evolved was burned, and the 
weight of water thus formed was determined. To his weighings I ap- 
pend the ratio between metallic zinc and 100 parts of water: 


25.389 grm. Zn gave 6.928 grm. H,O. 306.469 
30. 369 ff 8.297 es 366 024 
31.776 i 8.671 as 306.463 





Mean, 366.319, -- .088 

Hence Zn = 65.494. 

The second method adopted by Favre was to burn pure zine oxalate, 
and to weigh the oxide and carbonic acid thus produced. From the 
ratio between these two sets of weights the atomic weight of zinc is easily 
deducible. From Favre’s weighings, if CO, = 100, ZnO will be as given 
in the third column below : 


7.796 grm, ZnO = 8.365 grm. CO,. 93.198 
7-342 ea OST 93.137 
5.2065 es 5-588 < O8.1738 





Mean, 93.169, + .o12 


Hence Zn = 65.521. % 

Both of these determinations are open to objections. In the water 
series it was essential that the hydrogen should first be thoroughly dried 
before combustion, and then that every trace of water formed should be 
collected. A trivial loss of hydrogen or of water would tend to increase 
the apparent atomic weight of zinc. 

In the combustion of the zinc oxalate equally great difficulties are 
encountered. Here a variety of errors are possible, such as are due, for 
example, to impurity of material, to imperfect drying of the carbon 
dioxide, and to incomplete collection of the latter. Indeed a fourth 
combustion is omitted from the series as given, having been rejected by 
Fayre himself. In this case the oxide formed was contaminated by traces 
of sulphide. 


Ann. Chim. Phys. (3), 10, 163. 1844. 
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Baubigny,* in 1885, resorted to the well-known sulphate method. 
Zinc sulphate, elaborately purified, was dried at 440° to constant weight, 
and then calcined at a temperature equal to the fusing point of gold. 
These data were obtained : 


ZNSO,, Z2n07 fer cent, ZnO. 
6.699 3-377 50.410 
8.776 4.4245 50.416 





Mean, 50.413, - .0020 


Hence Zn = 64.909. 

In Marignac’s determinations of the atomic weight of zinc, published 
also in 1883,f there is a peculiar complication. After testing and criti- 
cising some other methods, he finally decided to study the double salt 
K,ZnCl,, which, however, is difficult to obtai n in absolutely definite con- 
dition. Although the compound was purified by repeated crystalliza- 
tions, it was found to deliquesce readily, and thereby to undergo partial 
dissociation, losing chloride of zine, and leaving the porous layer on the 
crystalline surfaces richer in potassium. In order to evade this diffi- 
culty, Marignac placed a large quantity of the salt in a funnel, and col- 
lected the liquid product of deliquescence as it ran down. In this 
product he determined chlorine by volumetric titration with a standard 
solution of silver, and also estimated zinc by precipitation with sodium 
carbonate, and weighing as oxide. From the data thus obtained equa- 
tions were formed, giving for each analysis an atomic weight of zinc 
which is independent of the proportion between ZnCl, and KCl in the 
substance analyzed. The data unfortunately are too bulky for repro- 
duction here and the calculations are complex ; but the results found for 
zinc, when Ag = 107.93, Cl = 35.457, and K = 39.1387, are as follows: 


1 sOnestitrationaey saenine sa acer re enc Lie Oe 
MOUSE MOUS b 5 Golo to gOS GAG DBA Aae oe 65.37 
Bi AT wo Mitrati One: Wey hep air etee Alen: eps ape 65.31 
A. Rwotitrationsmen eee er or ni chit ees 65.28 
ibe, (Onestitration’. aa styeac tanh erecwa ae 65.26 


Each of these values represents a distinct sample of the deliquesced 
material, and the number of chlorine determinations is indicated. 

A second set of determinations was made by the same analytical 
method directly upon the recrystallized and carefully dried K,ZnCl,. 
The values for Zn are as follows : 


6. Twopkitrattons.\oy:c:-iye reese etsvsvernceetels Zn = 65.28 
72> LW) titratlOnS ica tetee ae ee oe eee 65.39 
Si! Onetittations aan cme es eisai cate ooo 65.32 





* Ccmpt. Rend., 97, 906. 1883. 
+ Arch. Sci. Phys. et Nat. (3), 10, 194. 
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In order to adapt these data to the uniform scheme of calculation em- 
ployed in this work, taking into account their probable error and the 
probable errors of the antecedent values for K, Cl, and Ag, it seems to 
be best to calculate them back with the atomic weights used by Marignac 
into the form of the ratio Ag,: K, ZnCl,::100:2. Doing this, and tak- 
ing each value as many times as there are titrations represented in it— 
that is, giving the results of a double determination twice the weight of a 
single one—we have the following series of data for the ratio in question : 


TULO TNT PPR ERS ES seers apn eNs eyL) {GIP cllh ce atare 3,5 eee 66.090 
HROMP2EE. ee ated teem aires cn sis wee stave Sve stay ace ote 

.124 
TOMES Paw ae pent rets aaetiare. <3, © veld. cl ci eyewn wane eae 

110 
EO MBAR tener eee Aes ah ois. w cue etre vat eneterae ae 
IOV ATES SHS iain Gil Silat Sac eR NER al Rac ee 66.099 
Eicon GM eer eae ee ON coy! 8s: aisans Stace, heaton - ee 

104 
Bec / Meee eesti eevee orks ote hats cities Seeks alae ens ie 
OM OM ae earyd cris teuevetatee petra y es vel #55 ein s Stave eee 66.113 





Mean, 66.111, + .0023 


Hence, from Marignac’s work, Ag, : K,ZnCl, : : 100: 66.111, + .0023, a 
ratio which can be discussed along with others at the close of this chapter. 
‘ During the years between 1883 and 1889,a number of determinations 
were made of the direct ratio between zinc and hydrogen—that is, 
weighed quantities of zine were dissolved in acid, the hydrogen evolved 
was measured, and from its volume, with Regnault’s data, the weight of 
H was computed. First in order are Van der Plaats’ determinations,* 
whose results, as given by himself, are subjoined. The weights are 
reduced to a vacuum. Sulphuric acid was the solvent. 


Zn, SVMs. FY, litres. Li 
6.6725 1.1424 65.21 
9.1271 1.5643 65.14 

13.8758 2.3767 65.18 





Mean, 65.177, + .0137 


With the new value for the weight of hydrogen, .089872 gramme per 
litre, this becomes Zn = 64.980, + .0137. 

Reynolds and Ramsay made 29 determinations of this ratio.f rejecting, 
however, all but 5. The weighings were reduced to vacuum, and in each 
experiment the volume of hydrogen was fixed by the mean of seven or 
eight readings. The values for Zn are as follows: 





* Compt. Rend., 100, 52. 1885. 
+ Journ. Chem, Soc., 51, 854. 1887. 
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65.5060 
65.4766 
65.4450 
65.5522 
65.4141 





Mean, 65.4787, + .o161 


These values were computed with Regnault’s data for the weight of H. 
Corrected by the new value the mean becomes Zn = 65.280, + .0161. 

A few determinations by Mallet were made incidentally to his work on 
the atomic weight of gold, and appear in the same paper.* According 
to these experiments, one gramme of zine gives— 


341.85 cc. H., and Zn — 65.158 


BAO Leis 65.146 
341.93“ s 65.143 
BAZ IOAN us 65.122 





Mean, 65.142, -+ .0039 


In this case the Crafts-Regnault weight of H was taken, one litre = 
.08979 gramme. Corrected, the mean gives Zn = 65.082, + .0089. 

Two other series of determinations of questionable value remain to 
be noticed before leaving the consideration of the direct H: Zn ratio. 
They represent really the practice work of students, and are interesting 
as an illustration of the closeness with which such work can be done. 
The first series was made in the laboratory of the Johns Hopkins Uni- 
versity, under the direction of Morse and Keiser,f and contains 51 deter- 
minations, as follows : 


Zi 
64.68 65.74 65.40 
65.26 64.72 64.80 
65.32 65.26 65.20 
65.20 64.74 64.40 
65.60 , 64.72 65.00 
64.60 65.10 64.40 
65.00 64.76 65.24 
65.68 64.90 64.60 
65.38 64.92 64.80 
65.06 64.64 65.14 
64.84 65.24 64.84 
64.88 64.72 64.82 
65.00 65.20 64.80 
65.08 65.12 64.40 
65.06 66.40 64.60 
64.74 64.60 64.80 
65.12 65.60 64.74 


Mean of all, Zn = 64.997, + .0328 
* Amer. Chem. Journ., 12, 205. 1890. 
+ Amer. Chem. Journ., 6, 347. 1884. 
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. Corrected for the difference between Regnault’s value for H and the 
new value, this becomes Zn = 64.800, + .0328. 

The second student series was published by Torrey,* who gives 15 
determinations, as follows: 


Ai 
65.36 64.96 
65.30 64.70 
64.92 65.00 
64.72 64.78 
65.04 64.44 
64.80 65.24 
65.20 64.92 


64.90 
Mean, 64.952, - .0436 


Corrected as in the other series, this gives Zn = 64.755, + .0436. 
The five corrected means for the ratio H: Zn may now be combined, 
thus : 


WeamuclenuPlaatsy rertcretovstate stents aie fereo oe soar: < 64.980, + .0137 

Reynolds ancdlpRamSay emir sels 2 ¢erelais 2 2/24 65.280, + .O161 

Mia Reenter terete tie earn cisions sore orsie's, 3, 80 65.082, - .0039 
Morsepandmiceiserwner sprint ctr ies cts one 64.800, + .0328 

. lorreynres et Re Aerts Skies sess 64.755, =E -0436 
Genera lemeanenrrnaecipee ac oc srl 41 65.079, + .0036 


Morse and Burton, f in their determinations of the atomic weight of 
zine, returned essentially to the old method adopted by Erdmann and 
by Jacquelain. Their zinc was obtained spectroscopically pure by dis- 
tillation in a vacuum, and was oxidized by nitric acid which left abso- 
lutely no residue upon evaporation. The conversion to oxide was 
effected in a porcelain crucible, which was enclosed in a larger one, and 
the ignition of the nitrate was carried out in a muffle. In weighing, the 
crucible was tared by one of nearly equal weight. Results as follows: 


Wt. Zn. Wt. ZnO. Per cent. Zn in ZnO. 
I, 11616 1.38972 80, 320 
1.03423 1.28782 80, 308 
1.11628 1.38987 80.315 
1.05760 1.31681 80, 316 
1.04801 1.30492 80.313 
1.02957 1.28193 80.318 
I,0g18t 1.35944 ; 80.315 
1.16413 1.44955 $0, 305 
1.07814 1.34248 80. 305 
1.12754 1.40400 80.306 
-QIII2 1.13446 80, 310 





* Amer. Chem. Journ., 10, 74, 1888. 
y Amer. Chem. Journ., 10, 311. 1888. 
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I. 1001! 1.36981 80, 311 
1.17038 1.45726 80.313 
1.03148 1.28436 80.310 
1.05505 1.31365 80. 308 





Mean, 80.3115, + 00084. 


Combining this mean with the means found by the earlier investigators, 
we have— 


Jacquelains Sea aoe eee le oes 80.541, - .0070 

Exdmann.). Sat aaaheae vei erate rae 80.260, -+ .0037 

Morseand 5 Urtoniee ren meaieer cine yeas 80.3115, + .00084 
Generali meaner ee eee 80.317, —— .0008 


Morse and Burton verified by experiment the stability of oxide of zine 
at the temperatures of ignition, and found that it did not dissociate. 
They also proved the absence of oxides of nitrogen from the zine oxide. 
The investigations of Richards and Rogers, * however, have shown that 
zinc oxide prepared by ignition of the nitrate always carries gaseous 
occlusions, so that the atomic weight of zinc computed from the data of 
Morse and Burton is probably too low. But for that objection, their work 
would leave little to be desired on the score of accuracy. 

The determinations made by Gladstone and Hibbard f represent still 
another process for measuring the atomic weight of zinc. Zine was dis- 
solved in a voltameter, and the same current was used to precipitate 
metallic silver or copper in equivalent amount. The weight of zine dis- 
solved, compared with the weight of the other metal thrown down, gives 
the atomic weight sought for. Two voltameters were used in the experi- 
ments, giving duplicate estimates for zinc with reference to each weigh- 
ing of silver or copper. ‘The silver series is as follows, with the ratio 
Ag,: Zn: : 100: in the third column: 


ZN. Ag. Ratio. 
-7767 2.5589 39.353 
-7758 2.5589 30.318 
5927 | 1.9551 30.316 
5924 1.9551 39-390 
.2277 7517 30. 291 
.2281 Sly, 30.345 
-7452 2.4588 30.307 
-7475 2.4588 30.401 
.8770 2.9000 30.241 
.8784 2.9000 30.290 
-9341 3.0809 30.319 
-9347 3.0809 39.339 





Mean, 30.318, + .0077 





* Proc. Amer. Acad., 1893, 200. 
+ Journ. Chem. Soc., 55, 443. 1889. 
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To the copper series I add the ratio Cu: Zn: : 100: 2. 


ate Cu. Ratio. 
-7707 -7526 103.13 
7758 .7526 103.08 
+5927 -5737 103.31 
5924 -5737 103.26 
S22 .2209 103.08 
2281 .2209 103.26 
.8770 .8510 103.05 
8784 .8510 103.22 
9341 -9038 103. 36 
-9347 .9038 103.42 


Mean, 103.22, + .0261 


Richards and Rogers,* in their investigation of the atomic weight of 
zinc, studied the anhydrous bromide. This was prepared by solution 
of zine oxide in hydrobromic acid, evaporation to dryness, and subse- 
quent distillation in an atmosphere of carbon dioxide. In some experi- 
ments, however, the bromide was heated in an atmosphere of nitrogen, 
mingled with gaseous hydrobromic acid. All water can thus be removed, 
without formation of oxybromides. 

The zinc bromide so obtained was dissolved in water, and precipitated 
with a solution containing a known amount of silver in the form of 
nitrate. The silver bromide was weighed on a Gooch crucible, and the 
ratio 2AgBr: ZnBr, thus found. An excess of silver was always used, 
and in one series of experiments it was estimated by precipitation with 
hydrobromic acid. Deducting the excess thus found from the original 
quantity of silver, the amount of the latter proportional to the zine 
bromide was found; hence the ratio Ag,: ZnBr,. The results, with 
vacuum weights, are as follows: 





Series A. 
ZnB. Ag Br. Ratio. 
1.69616 2.82805 59.976 
1.98198 3.30450 59.978 
1.70920 2 84949 59.984 
2.35079 3.91941 “59.978 
2.66078 4.43751 59.961 
Mean, 59.975, + .0034 
Series B. 
ZN BY». Ag. Ag Br. Ag Ratio. AgBr Ratio. 
2.33882 2.24063 3.90067 TO04. 382 59-959 
1.97142 1.88837 3.28742 104.398 59.969 
2.14985 2.05971 3-58539 104.376 59.961 
2.00966 1.92476 3.35074 104 411 59.977 








Mean, 104.392, Mean, 59.967, 
+ .0054 + .0027 





* Zeitsch. Anorg. Chem., 10, 1. 1895. 
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At the end of the same paper, Richards alone gives two more series of 
determinations made upon zine bromide prepared by the action of pure 
bromine upon pure electrolytic zinc. The bromide so obtained was 
further refined by sublimation or distillation, and dried by heating in a 
stream of carbon dioxide and gaseous hydrobromic acid. Thus was 
ensured the absence of basic salts and of water. The weights and results 
found in the two series were as follows: 





Series C. 
LUBE». ai Ratio. 
6.23833 5.9766 104.379 
5 26449 5.0436 104.380 
9. 36283 8.9702 104.377 
Mean, 104,379, -- .0007 
Series D. 
LNB». Ag Br. Ratio. 
2.65847 4.43358 59.962 
2. 30939 3.85149 59.961 
5.26449 8.77992 59.961 





Mean, 59.961, + .0004 


In some details of manipulation these series differ from those given 
by Richards and Rogers jointly, but their minutiz are not essential to 
the present discussion. 

Combining these several series, we have— 


Lor Ag, La Bi. TOO? 2: 


Series By si7 V SAey ete een eee nae 104.392, + .0054 
SerlesiG sea cases Gee eee iec ae « 104.379, + .0007 
Generalinecank senna 104.380, + ,0007 


For 2Ag Br: Zn Br,:: 100: x. 





SEGIGS PAS! ales ay RS.c/ 2 Bie care aA RA eS Uc tS 59.975, - .0034 
SEPLESMIS sone oh uae ohne tnt a ae eRe Sea 59.967, + .0027 
SELES HTD) ee trae rs nails ce MET PET pect See Ree 59-961, -+ .0004 
Generallmeans an Meare aerate 59.962, + .0004 

Ishooven. (HaKSy Heer TAMU), noe deonaues ZnBr, = 223.599, -- .0066 
Eromitney Ao yatonn sree ‘¢ = 223.601, + .0066 
Generalimeane eee ... ZnBr, = 223.600, + .0047 

And Zn = 64.912, + .0133 


en 
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For computing the atomic weight of zinc we now have these ratios: 


(1.) Per cent. Zn in ZnO, 80.317, + .0008 
(2.) Per cent. ZnO in ZnSO,, 50.413, ++ .0020 
(3:) H{O: Zn: : 100 366,319, 4 .088 
(4.) 2CO, : Zn: : 100: 93.169, + .o12 
(Ga) ile Zmesss81 2 05.070) =).0080 
(6.)) Ag, : K,ZnCl, :.: 100: 66.111, += .0023 
(7.) Ag, : Zn: : 100 : 30.318, + .0077 
(8.) Cu: Zn: : 100: 103.22, + .0261 
(9.) Ag, : ZnBr, : : 100: 104.38, + .0007 
(10.) 2AgBr : ZnBr, : : 100 : 59.962, + .0004 
The antecedent atomic weights, with H = 1, are— 
OQ = 15-879, 3= .0003 C = I1.920, + .0004 
Cl = 35:179, a= .0048 S —— O20. OOls 
Br = 79.344, + .0062 Cu = 63.119, + .0015 
Ag = 107.108, + .0031 AgBr = 186,452, + .0054 
K = 38.817, + .0051 


With these data, combining ratios 9 and 10 into one (see preceding 
paragraphs), we have nine independent values for the atomic weight of 
zine, as follows: 


EO TEy QL) peepee ere a Reece 8 cus dears ess) = Zn = 64.795, -_ .0030 
Idigayony( CA) god ceicickele Grace Cece remo «¢ — 64.909, + .0073 
HEU (C3) etenctereseretegnse sche eyars ores = & “© — 65.494, + .0019 
ES LOMIN (A) Warren ane Cte ayers etecrsac. = tie fee & 65,52 = Olu 
TOMI IS) Mere tue areete eis Gees eee “ = 65.079, + .0036 
Eco ms (G)) een nein eto ats cits ts ses <“ = 64/891, = .0253 
romin(7))nacer = re eyes kaise daua2 “* — 64.947, + .0166 
Hromy(8)).5 2194: Maer ai “o's sists =e): SV == (65.15 8, 016g 
ENON (G) eA GB (LO) Peyeestere Ne eae. esse 6s ** = 64.912, 3= .0133 
General mean of all.......... Zn = 65.152, + .0014 
WV ting © Ome ig closet ac fi — 65.650 


Of these values, Nos. 3 and 4, representing Favre’s work, are unques- 
tionably far wrong. Rejecting them, the general mean of the remaining 
seven values becomes— 


Zn — 64.912, + .0021, 


If O= 16, this gives Zn = 65.407. These figures are identical, except 
as regards the lower probable error, with the result deduced from Rich- 
ards and Rogers’ determinations alone, and they may be taken as 
satisfactory. 
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CADMIUM. 


The earliest determination of the atomic weight of this metal was by 
Stromeyer, who found that 100 parts of cadmium united with 14.352 of 
oxygen.* With our value for the atomic weight of oxygen, these figures 
make Cd = 110.64. This result has now only a historical interest. 

The more modern estimates of the atomic weight of cadmium begin 
with the work of v. Hauer.t He heated pure anhydrous cadmium sul- 
phate in a stream of dry hydrogen sulphide, and weighed the cadmium 
sulphide thus obtained. His results were as follows, with the percent- 
age of CdS in CdSO, therefrom deduced : 


7.7650 grm, CdSO, gave 5.3741 grm. CdS. 69.209 per cent. 
6.60856 oe 4.5746 ee 6922220 
7.3821 os Sysultiey/ ne (0), 
6.8377 Ss 4.7336 as 69.2280 5 
8.1956 es 5.6736 ss Gos227/0 0 
7.6039 $f 5.2634 a 693220). 
7.1415 € 4.9431 F 69.217.“ 
5.8245 i 4.0335 M 69.251“ 
6.8462 e 4.7415 of GO.257)  & 





Mean, 69.231, + .0042 


Lenssen t worked upon pure cadmium oxalate, handling, however, 
only small quantities of material. This salt, upon ignition, leaves the 
following percentages of oxide: 


.5128 grm. oxalate gave .3281 grm. CdO. 63.982 per cent. 
-6552 i ATOR 63-990. 
.4017 “ .2573 ss 64,0580. . 





Mean, 64.010, + .014 


Dumas || dissolved pure cadmium in hydrochloric acid, evaporated 
the solution to dryness, and fused the residue in hydrochloric acid gas. 
The cadmium chloride thus obtained was dissolved in water and titrated 
with a solution of silver after the usual manner. From Dumas’ weigh- 
ings I calculate the ratio between CdCi, and 100 parts of silver: 


2.369 grm. CdCl, = 2.791 grm. Ag. 84.880 
4.540 ns 5-348 os 84.892 
6.177 US 7.260 ae 85.083 
2.404 as 2.841 wc 84.618 
3-5325 i 4,160) 84.794 
4.042 es 4.767 ss 84.791 





Mean, 84.843, + .026 





* See Berz. Lehrbuch, 5th Aufl., 3, 1219. 
+ Journ. fiir Prakt. Chem., 72, 350. 1857. 
{ Journ. ftir Prakt. Chem., 79, 281. 1860. 
| Ann. Chem. Pharm., 113, 27. 1860. 
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Next in order comes Huntington’s* work, carried out in the laboratory 
of J. P. Cooke. Bromide of cadmium was prepared by dissolving the 
carbonate in hydrobromic acid, and the product, dried at 200°, was puri- 
fied by sublimation in a porcelain tube. Upon the compound thus ob- 
tained two series of experiments were made. 

In one series the bromide was dissolved in water, and a quantity of 
silver not quite sufficient for complete precipitation of the bromine was 
then added in nitric acid solution. After the precipitate had settled, 
the supernatant liquid was titrated with a standard solution of silver 
containing one gramme to the litre. The precipitate was washed by de- 
cantation, collected by reverse filtration, and weighed. To the weigh- 
ings I append the ratio between CdBr, and 100 parts of silver bromide: 


1.5592 grm. Cdbr, gave 2.1529 grm. AgBr. Ratio, 72.423 
* 3.7456 “c 5.1724 “ “ 72.415 
2.4267 - 3.3511 oe So Geis 
* 3.6645 ‘ 50590 “he 2ASS 
* 3.7679 . 5-208e) ‘72.437 
2.7938 ss 3.8583 er 7 2eAroO 
* 1.9225 ce 2.6552 “ec “ 72.405 
3.4473 i 4-7593 = ** 72.433 





Mean, 72.4216, + .0028 


The second series was like the first, except that the weight of silver 
needed to effect precipitation was noted, instead of the weight of silver 
bromide formed. In the experiments marked with an asterisk, both the 
amount of silver required and the amount of silver bromide thrown down 
were determined in one set of weighings. The third column gives the 
CdBr, proportional to 100 parts of silver : 


* 3.7456 grm, CdBr, = 2.9715 grm. Ag. 126.051 
5.0270 eS 3:9574) 5° 126.072 
* 3.6645 « 29073 126,045 
20 707,0 Bt 29889) 126,067 
* 1.9225 ae T2453 126.082 
2.9101 ee PZo7ge 126.093 
3.6510 cs PeSOnta 126,110 
3.9782 a 2155. ° 126.088 


Mean, 126,076, + .0052 





According to Huntington’s own calculations, these experiments fix the 
ratio between silver, bromine, and cadmium as Ag: Br: Cd :: 108: 80. 
112.81. 

In 1890, Partridge} published determinations of the atomic weight 
of cadmium, made by three methods, the weighings being reduced to 





* Proc. Amer. Acad., 1881. 
+ Amer. Journ. Sci. (3), 40, 377. 1890. 
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vacuum standards throughout. 


6a GO;: 
.09898 
21548 
.1071I 
17948 
16066 
17995 
34227 
43154 
53510 


I 
ie 
I 
ie 
ie 
ly 
lie 
I 
ie 
Ie Avant 


First, Lenssen’s method was followed, 
viz., the ignition of the oxalate, with the subjoined results: 


CaO. 


.70299 
77746 
. 70807 
-75440 
-74327 
-75471 
.85864 
-91573 
.98197 
-90397 


Per cent. CaO. 
63.966 
63.962 
63.957 
63.959 
63.959 
63.964 
63.968 
63.970 
63.968 
63.971 





Mean, 63.964, + .oo10 


Secondly, v. Hauer’s experiments were repeated, cadmium sulphate 
being reduced to sulphide by heating ina stream of H,S. The following 


data were obtained: 


CaSO,. 
1.60514 
1.55831 
1.67190 
1.66976 
1.40821 
1.56290 
1.63278 
1.58270 
1.53873 
1.70462 


Gds: 
1.11076 
1.07834 
1.15669 
1.15554 


-97450 
.08156 


.12985 
:09524 
.06481 
.17962 


mm mt 


Per cent. CaS. 
69.204 
69.197 
69.185 
69.200 
69.202 
69.205 
69.194 
69.198 
69.201 
69.201 





Mean, 69.199, + .0012 
v. Hauer found, 69.231, + .0042 


General mean, 69.202, + .0012 


In the third set of determinations cadmium oxalate was transformed 
to sulphide by heating in H,S, giving the ratio CdC,O,: CdS: : 100: a. 


CACO: 


1.57092 
1.73654 
2.19276 
1.24337 
1.18743 
1.54038 
1.38905 
2.03562 
2.03781 
1.91840 


CaS. 
1.13065 
1.24979 
1.57825 

.89492 

85463 
1.10858 

-99974 
1.46517 
1.46658 
1.38075 


Per cent CaS 


TE Oy2 
71.973 
71-974 
71.974 
71.975 
71.968 
71.976 
71.979 
71.970 
TAO 70 





Mean, 71.973, + .0007 
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This work of Partridge was presently discussed by Clarke,* with ref- 
erence to the concordance of the data, and it was shown that the three 
ratios determined could be discussed algebraically, giving values for the 
atomic weights of Cd, 8, and C, when O16. These values are— 


Cdi=—_ 111.7850 
Ce atIL goss 
S = 32.0002, 


and are independent of ‘all antecedent values except that assumed for 
the standard, oxygen. 

Morse and Jones, f starting out from cadmium purified by fractional 
distillation in vacuo, adopted two methods for their determinations. 
First, they effected the synthesis of the oxide from known weights of 
metal by dissolving the latter in nitric acid, evaporating to dryness, and 
subsequent ignition of the product. The oxide thus obtained was found 
to be completely free from oxides of nitrogen. The weighings, which are 
given below, were made in tared crucibles. The third column gives the 
percentage of Cd in CdO. 


Cd Taken. CaO Found. Pevicent. Gd: 
1.77891 2.03288 87.507 
1.82492 2.08544 87.508 
1.74688 1.99626 87.507 
1.57000 1.79418 87.505 
1.98481 2.26820 87.506 
2.27297 2.59751 87.504 
1.75695 2.00775 87.508 
1,70028 1.94305 87.505 
1.92237 2.19679 87.508 
1.92081 2.19502 87.508 


Mean, 87,5066, + .00032 





The second method employed by Morse and Jones was that of Lenssen 
with cadmium oxalate. This salt they find to be somewhat hygroscopic, 
a property against which the operator must be on his guard. The data 
found are as follows: 


GAG; CaO. Per cen. Cad: 
1.53937 98526 64.004 
1.77483 1.13582 63 996 
1.70211 1.08949 64.008 
1,70238 1.08967 64.004 
1.74447 T.11651 64.003 





Mean, 64.003, + .0042 


Lorimer and Smith, like Morse and Jones, determined the atomic 
weight of cadmium by means of the oxide, but by analysis instead of 





* Am. Chem. Journ., 13, 34. I89I. 
7 Am. Chem. Journ., 14, 261. 1892. 
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synthesis. Weighed quantities of oxide were dissolved in potassium 
cyanide solution, from which metallic cadmium was thrown down elec- 
trolytically. The weights are reduced to vacuum standards. 


CdO Taken. Cd Found. Per cent. Ca. 
-34767 .30418 87.491 
.41538 - 36352 87.515 

1.04698 .91618 87.507 
1.04066 .91500 87.493 
1.26447 I, 10649 87.506 
-78493 .68675 87.492 
.86707 75884 87.518 
.67175 258785 87.510 
1.44362 1.26329 87.508 





Mean, 87.5044, + .0023 


Mr. Bucher’s dissertation * upon the atomic weight of cadmium does 
not claim to give any final measurements, but rather to discuss the vari- 
ous methods by which that constant has been determined. Neverthe- 
less, it gives many data which seem to have positive value, and which 
are certainly fit for discussion along with those which have preceded 
this paragraph. Bucher begins with cadmium purified by distillation 
nine times in vacuo, and from this his various compounds were prepared. 
His first series of determinations was made by reducing cadmium oxalate 
to oxide, the oxalate having been dried fifty hours at 150°. The reduc- 
tion was effected by heating in jacketed porcelain crucibles, with various 
precautions, and the results obtained, reduced to vacuum standards, are 
as follows : 


Oxalate. Oxide. Per cent. Oxide. 
1.97674 1,26414 63.951 
1.94912 1.24682 63.968 
1.96786 1.25886 63.971 
1.87099 1.19675 63.958 
1.37550 .87994 63.972 
1.33313 .85308 63.991 
I 94450 1.24452 64.002 
2.01846 1.29210 64.014 





Mean, 63.978, + .0052 


Combining this with the means found by previous experimenters, we 
have for the percentage of oxide in oxalate— 








TUEMSSEMES his isic cis euersineta aera eter hates 64.010, + .0140 
Darter e Cha rarekas erenoten tere eeeetene teers .. 63.962, += .0o10 
Morse ain Gea) ONES nei oy yatta tarerite tiers 64.003, + .0042 
BUCHER ane eetray or oucks tne ie epee meena geea ae rete 63.978, + .0052 

Generalimeantysanee ee acre 63.966, + .oor1o0 





* “An examination of some methods employed in determining the atomic weight of cadmium.” 
Johns Hopkins University doctoral dissertation. By John E. Bucher. Baltimore, 1895. 
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Bucher’s next series of determinations was by Partridge’s method— 
the conversion of cadmium oxalate into cadmium sulphide by heating 
in a stream of sulphuretted hydrogen. The sulphide was finally cooled 
ina current of dry nitrogen. The vacuum weights and ratios are sub- 
joined : 


Oxalate. Sulphide. Percentage. 
2.56319 1.84716 72.005—) 
2.18364 1.57341 72.055 
2.11643 1.52462 72,037 
3.13105 2.25582 72.047 





Mean, 72.051, + .0127 


Partridge found, 71.973, + .0007 


General mean, 71.974, -E .0007 


Here Bucher’s mean practically vanishes. 

The third method employed by Bucher was that of weighing cadmium 
chloride, dissolving in water, precipitating with silver nitrate, and weigh- 
ing the silver chloride found. The cadmium chloride was prepared, 
partly by solution of cadmium in hydrochloric acid, evaporation to 
dryness, and sublimation in vacuo; and partly by the direct union of 
the metal with chlorine. The siiver chloride was weighed in a Gooch 
crucible, with platinum sponge in place of the asbestos. To the vacuum 
weights I append the ratio 2AgCl : CdCl, : : 100: 2. 


Cad Gl;. Ag Cl, Ratio. 
3.09183 4.83856 63.900 
2.26100 3.53854 63.896 
1.35729 2.12431 63.893 
2.05582 ham 27, 63.899 
1.89774 2.97041 63.886 
3-50367 5.48473 63.880 
2.70292 4.23087 63.886 
4.24276 6.63598 63.936 
3.40200 5-32314 63.910 
4.60659 7.20386 SeO3ho46 
2.40832 3.76715 63.930 
2.19144 3.42724 63.942 
2.84628 4.45477 63.893 
2.56748 4.01651 63 923 
2.31003 3.61370 63.924 
1.25008 1.95652 63.893 
1.96015 3.06541 63.944 
2.29787 3.59391 63.938 
1.94227 3.03811 63.915 
1.10976 1.73547 63.946 
1.63080 2.55016 63.949 





Mean, 63.916, + .0032 
Bucher gives a rather full discussion of the presumable errors in this 
method, which, however, he regards as somewhat compensatory. The 
el 
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series is followed by a similar one with cadmium bromide, the latter 
haying been sublimed in vacuo. Results as follows: ; 





Ca Ei Ag Br. Ratio. 
4 39941 6.07204 72.454 
3.18030 4.38831 72.472 
. 19360336 4.97150 72.480 
4.04240 5.53062 72.453 
3.60505 4.97519 72.461 
Mean, 72.464, -: .0035 
Huntington found, 72.4216, + .0028 


General mean, 72.438, + .0022 


In order to fix a minimum value for the atomic weight of cadmium, 
Bucher effected the synthesis of the sulphate from the metal. 1.15781 
grammes of cadmium gave 2.14776 of sulphate. 


Pen Cen Cds G salle 


The sulphate produced was dried at 400°, and afterwards examined 
for free sulphuric acid, giving a correction which was applied to the 
weighings. ‘The corrected weight is given above. Any impurity in the 
sulphate would tend to lower the apparent atomic weight of cadmium, 
and therefore the result is believed by the author to be a minimum. 

Finally, Bucher examined the oxide method followed by Morse and 
Jones. The syntheses of oxide were effected in double crucibles, first 
with both crucibles porcelain, and afterwards with the small inner cruci- 
ble of platinum. Two experiments were made by the first method, three 
by the last. Weights and percentages (Cd in CdQO) as follows: 


Ca. cdo. Percentage. 
1.26142 1.44144 87.511 
~ ( 99785 1.14035 ° 87.504 





Mean, 87.508 


TeUL321 1.27247 87.484 
{ 1.02412 1.17054 87.491 
( 2.80966 3.21152 87.487 





Mean, 87.487 
Mean of allas one series, 87.495, + .0035 


The two means given above, representing work done with porcelain 
and with platinum crucibles, correspond to a difference of about 0.2 in 
the atomic weight of cadmium. Experiments were made with pure 
oxide of cadmium by converting it into nitrate and then back to oxide, 
exactly as in the foregoing syntheses. In each case the oxide obtained 
at the end of the operation represented an increase in weight, but the 
increase was greater in platinum than in porcelain. Hence the weigh- 
ings of cadmium oxide in the foregoing determinations probably are 
subject to constant errors, and cannot be trusted to fix the atomic weight 
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ofcadmium. Their mean, taken in one series, has really no significance ; 
but as the computations in this work involve a study of compensation 
of errors, the data may be combined with their predecessors, as follows: 


MiGrsenan Ge OMeSie soso: a/c eieseiete atone 87.5066, + .00032 


Woximerande SMIthtys sa </s 55). aces ine te 87.5044, - .0023 
SUCH CIE eePRPNC Cio hort ane as ec bsanete at siorolata 87.495, + .0035 
GeneralGimea me nvet arora s-vs, tuo cicle orsere 87.5064, -+ .0003 


This is equivalent to the absolute rejection of Bucher’s data, and is 
therefore not wholly fair to them. His work throws doubt upon «the 
validity of the ratio, as determined, altogether. 

The latest determinations relative to the atomic weight of cadmium 
are those of Hardin,* who effected the electrolysis of the chloride and 
bromide, and also made a direct comparison between cadmium and 
silver. The aqueous solutions of the salts, mixed with potassium 
cyanide, were electrolyzed in platinum dishes. The cadmium which 
served as the starting point for the investigation was purified by distil- 
lation in hydrogen. All weights are reduced toa vacuum. The data 
for the chloride series are as follows, with a column added for the per- 
centage of Cd in CdCl,: 


Weight CdCl,. Weight Ca. Percentage Cd. 
.43140 .26422 61.247 
.49105 -30112 61.247 
-71752 .43942 61.241 
-72188 -44208 61.241 
-77264 -47319 61.245 
.81224 -49742 61.240 
.90022 55135 61.246 

1.02072 -62505 61.236 
1, 26322 -77305 61.244 
1.52344 -93314 61.252 


Mean, 61.244, + .0oI0, 





The results for the bromide, similarly stated, are these: 


Weight CaBry. Weight Ca. Percentage Cad. 
~57745 .23790 41.198 
-76412 31484 41.203 
.91835 -37842 41.207 

1.01460 .41808 41.206 
1.15074 47414 41.203 
1.24751 -51392 41.196 
1.25951 -51905 41.210 
1.51805 .62556 41.208 
1.63543 -67378 41.199 
2.15342 .88722 41,200 





Mean, 41.203, + OO10. 





* Journ. Amer. Chem. Soc., 18, 1016. 1896. 
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The direct comparison of cadmium and silver was effected by the 
simultaneous electrolysis, in the same current, of double cyanide solu- 
tions. Silver was thrown down in one platinum dish, and cadmium in 
another. The process was not altogether satisfactory, and gave diver- 
gent results, those which are cited below having been selected by Har- 
din from the mass of data obtained. I have added in a third column 


the cadmium proportional to 100 parts of silver: 


Weight Cd. Weight Ag. Ratio. 
.12624 -24335 51.876 
. 11032 .21262 51.886 
.12720 .24515 51.887 
.12616 -24331 51.852 
.22058 .42520 51.877 





Mean, 51.876, + .0041 


For cadmium we now have the following ratios: 


Per cent. of Cd in CdO, 87.5064, + .0003 
Per cent, of CdO in CdC,O,, 63.966, -- .oo10 
Per cent. of CdS from CdC,O,, 71.974, 


(1.) 

(2) 

(3-) 

(4.) Per cent. of CdS from CdSO,, 69.202, + .oo12 
(5-) Ag, : Cd€l, : : 100 : 84.843, == .0260 

(6.) 2AgCl : Cac, : 100 : 63.916, + .0032 

(7.) Ag, : CdBr, : : 100: 126,076, + .0052 

(8.) 2AgBr : CdBr, : : 100: 72.438, + .0022 

(9.) Per cent. of Cd in CdCl,, 61.244, + .oo10 
10.) Per cent of Cd in CdBr,, 41,203, + .0010 

16) 


( 
( 2Ag:Cd:: 100: 51.876, + .0o41 


- .0007 


Bucher’s single experiment upon the synthesis of the sulphate, although 
important and interesting, cannot carry weight enough to warrant its 
consideration in connection with the other ratios, and is therefore not 


included. 
The antecedent values, for use in computation are— 


O = 15.879, — .0003 S = 31.828, = 
Ag = 107.108, + .003I C = I1.920, + 
Ch 352079 = 0048 AgCl = 142.287, + 
Br = 79.344, + .0062 AgBr — 186.452, + 


For the molecular weight of cadmium chloride, two 
deducible : 


.OO15 
.0004. 
.0037 
.0054 


values are now 





Brom! ((5))socee erste onsite ioveaseea eet CdCl, = 181.739, +: .0560 
Frome (©) eeiiutreeuiiees cease ee ‘c = 181.888, + .0103 
Generalimeanaee eee re CdCl, = 181.883, + .0138 


Hence (Cd == 1115255) Oise. 
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For cadmium bromide we haye— 





FOUN (7) MER TA Aces Nie: «ake sisie CdBr, = 270.073, + .0136 
a CGN tert nei sso oe Solas ofa ated "== 270,124 += O13 
Generalimeaniiy ss <r «see CdBr, = 270.105, + .0087 


Henee Cd = 111.417, + .0151. 
For cadmium there are nine independent values, as follows : 


EO RIM (ES) eave tevetage aleve we eaey..5 = Cd = 110.793, + .0081 

ERO (Al) eyevaeyhscauer atts eioie Percocet avs ane er ‘© — 110,890, + .0069 

irom (2) ere tepes chet eres a anes s ‘* — TII,004, - .0047 

OMIM (UI) yetere atest sare ctorse + Se seis « (= Td 127, 1.0695 a 

HON (O) Ravers stars eee iat c care - seie ses $= UPI. 183. = .O055 

BOM (MO) peti ernest tt sicscae ele ‘=I 2025-0098 

BO MIUA GIS) Bye Peter toxcuseet sy ois eistsiahe 2 ata ses ‘<= P2277 0034 

From molecular weight CdBr,....... Te An 7a st OLS 

From molecular weight CdCl, ....... ‘© = 111.525, + .0138 
(Generalemeanbeyeen cei os aeiei. Cd = III, 100, + .0022 


If O = 16,.Cd = 111.947. 

This result is obviously uncertain. The data are far from being con- 
clusive, however, and I am therefore inclined to trust the mean rather 
than any one of the values taken separately. It is quite possible that 
the highest of all the figures may be nearest the truth, as Bucher’s ex- 
periments seem to indicate; but until new evidence is obtained it would 
hardly be wise to make any selection. The mean obtained agrees well 
with the data of Morse and Jones, Lorimer and Smith, and Hardin. 
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MERCURY. 


In dealing with the atomic weight of mercury we may reject the early 
determinations by Sefstrém * and a large part of the work done by Tur- 
ner.t The latter chemist, in addition to the data which will be cited 
below, gives figures to represent the percentage composition of both the 
chlorides of mercury ; but these results are neither reliable nor in proper 
shape to be used. 

First in order we may consider the percentage composition of mercuric 
oxide, as established by Turner and by Erdmann and Marchand. In 
both investigations the oxide was decomposed by heat, and the mercury 
was accurately weighed. Gold leaf served to collect the last traces of 
mercurial vapor. 

Turner gives four estimations. Two represent oxide obtained by the 
ignition of the nitrate, and two are from commercial oxide. In the first 
two the oxide still contained traces of nitrate, but hardly in weighable 
proportions. A comparison of the figures from this source with the others 
is sufficiently conclusive on this point. The third column represents the 
percentage of mercury in HgO: 


144 805 grains Hg — 11.54 grains O, 92.619 per cent. 
125.980 a fo}. {ofs) MY O2E5 02s 
173.561 ss TA YODy ae 921625)) 5° 
114.294 OSLO mas G2IO20 us 





Mean, 92.614, + .0050 


In the experiments of Erdmann and Marchand { every precaution was 
taken to ensure accuracy. Their weighings, reduced to a vacuum stand- 
ard, give the subjoined percentages : 


82.0079 germ, HgO gave 75.9347 grm. Hg. 92.594 per cent. 


51,0320 . 47.2538“ 92.597“ 
84.4996 a 7 O.250 ec O25004 ne 
44.6283 a AM 2 Sih ee 92,606), 
118.4066 ae 109.6408 ‘ 925507 ae 





Mean, 92.5996, + .0015 


Hardin’s determination of the same ratio, being different in character, 
will be considered later. 

With a view to establishing the atomic weight of sulphur, Erdmann 
and Marchand also made a series of analyses of pure mercuric sulphide. 
These data are now best available for discussion under mercury. The 


*Sefstr6m. Berz. Lehrb., 5th ed., 3, 1215. Work done in 1812. 
}+ Phil. Trans., 1833, 531-535. 
t Journ. fiir Prakt. Chem., 31, 395. 1844. 
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sulphide was mixed with pure copper and ignited, mercury distilling 
over and copper sulphide remaining behind. Gold leaf was used to 
retain traces of mercurial vapor, and the weighings were reduced to 
racuum : 


34.3568 grm. HgS gave 29.6207 grm. Hg. 86.215 per cent. Hg. 
24.8278 ms 21.40295 gs 86.206 sf 
Baz tei se 32.08416 Ny 86.207 me 
80.7641 vs 69.6372 as $6,223 se 





Mean, 86,2127, + .0027 


For the percentage of mercury in mercuric chloride we have data by 
Turner, Millon, Svanberg, and Hardin. Turner,* in addition to some 
precipitations of mercuric chloride by silver nitrate, gives two experi- 
ments in which the compound was decomposed by pure stannous 
chloride, and the mercury thus set free was collected and weighed. ‘The 
results were as follows: 


44.782 grains Hg — 15.90 grains Cl. 73.798 per cent. 
73.09 i 2597 73-784 





Mean, 73.791, + .005 


Millon f purified mercuric chloride by solution in ether and sublima- 
tion, and then subjected it to distillation with lime. The mercury was 
collected as in Erdmann and Marchand’s experiments. Percentages of 
metal as follows : 

73.87 
73.81 
73.83 
73.87 





Mean, 73.845, -- .O10 


Svanberg, { following the general method of Erdmann and Marchand, 
made three distillations of mercuric chloride with lime, and got the 
following results: 


12.048 grm. HgCl, gave 8.889 grm. Hg. 73.780 per cent, 
12.529 i 9.2456 = ** 73-794 
12.6491 s 9.3363 s 72.0 LOMm i. 





Mean, 73.795, - .006 


The most recent determinations of the atomic weight of mercury are 
due to Hardin,§ whose methods were entirely electrolytic. First, pure 
mercuric oxide was dissolved in dilute, aqueous potassium cyanide, and 





* Phil. Trans., 1833, 531-535. 

+ Ann. Chim. Phys. (3), 18, 345. 1846. 

ft Journ. fiir Prakt. Chem., 45, 472. 1848. 

2 Journ. Amer. Chem. Soc., 18, 1003. 1896. 
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electrolyzed in a platinum dish. Six determinations are published, out 
of a larger number, but without reduction of the weights to a vacuum. 
The data, with a percentage column added, are as follows: 


Weight HgO. Weight Hg. Fer cent. He. 
.26223 .24281 92.594 
23830 .22065 92.593 
.23200 .21482 92.595 
.14148 -13100 92.593 
-29799 -27592 92.594 
.19631 .18177 92.593 





Mean, 92.594, - 0003. 


Various sources of error were detected in these experiments, and the 
series is therefore rejected by Hardin. It combines with previous series 
as follows: 


APUG OY. so ee raeestae Ae TO siete 92.614, -k .0050 
Brdmannvandsiarchandseeee erie 92.5996, + .0015 
TTArGiNG A er ese ee oe ae eae 92.594, = .0003 

Genexalimeanmern eer eee 92.595, = .0003 


Hardin also studied mercuric chloride, bromide, and cyanide, and the 
direct ratio between mercury and silver, with reduction of weights to a 
vacuum. Electrolysis was conducted in a platinum dish, as usual. 
With the chloride and bromide, the solutions were mixed with dilute 
potassium cyanide. The data for the chloride are as follows, the per- 
centage column being added by myself: 


Weight Hg Cl,. Weight Ae. Fer cent. Hg. 
45932 » 33912 73-831 
54735 40415 73-838 
. 50002 .41348 73.833 
.63586 .46941 73.823 
.64365 47521 73.831 
-73281 -54101 73.827 
.86467 .63840 73.832 

1.06776 -78825 73.823 
1.07945 -79085 73.820 
1.51402 1.11780 73-830 





Mean, 73.829, + .0012 


Combining this with the earlier determinations, we have— 


MNUEN EL kes cre sciateucl wm rehe cornered tony tah: Taree 73-791, + .0050 
IMUM OMe ers tahe eaten stout tceeteg hene naa eee ee 73.845, -_ .O100 
Svanbergers vcaarracue stalin eee 73-795, - .0060 
Plea rca ra oe eee It ee cee a mnie cap gga 73.829, + .0012 

Generalimeante ere sear eine 73.826, -+ .OOI1 
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For the bromide Hardin’s data, are— 


Weight Hg Bry. Weight Hg. Per cent. Hg. 
. 70002 38892 55-558 
.56430 -31350 55.555 
57142 -31750 55-563 
-77285 .42932 55-550 
-80930 44955 55.548 
85342 -47416 55.560 
1.11076 .61708 55-555 

I 17270 65145 55-551 
1.26186 . 70107 55-559 
1.40142 .77870 55-505 





Mean, 55.556, + .oo12 


And for the cyanide— 


Weight Hg C,N,. Weight Hg. Per cent. Hg. 
55776 44252 79-337 
.63290 .50215 79.341 
-70652 .56053 79.337 
.80241 .63663 79.340 
65706 .52130 79-338 
.81678 -64805 79.342 

1.07628 .85392 79-340 
1.22615 .97282 79-339 
1.66225 1.31880 79-338 
2.11170 1.67541 79-339 





Mean, 79.339, = .0004 


In the last series cited no potassium cyanide was used, but the solution 
of mercuric cyanide, with the addition of one eH of sulphuric acid, 
was electrolyzed directly. 

The direct ratio between silver and mercury was stdeter mined by throw- 
ing down the two metals, simultaneously, in the same electric current. 
Both metals were taken in double cyanide solution. With Hardin’s 
equivalent weights I give a third column, showing the quantity of mer- 
cury corresponding to 100 parts of silver. Many experiments were re- 
jected, and only the following seven are published by the author: 


Weight Hg. Weight Ag. Ratio. 
.06126 .06610 92.678 
.06190 .00680 92.665 
.07814 .08432 92.671 
.10361 .I1181 92.666 
.15201 .16402 92.678 
.26806 .28940 92.626 
.82808 .89388 92.639 





Mean, 92.660, -++ .0051 
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We now have six ratios involving the atomic weight of mercury, as 
follows: 


Per cent, of Hg in HgO, 92.595, -+ .0003 
Per cent. of Hg in HgS, 86.2127, + .0027 
Per cent, of Hg in HgCl,, 73.826, + .oo11 
Per cent. of Hg in HgBr,, 55.556, -- .o012 
Per cent, of Hg in HgC,N,, 79.339, + .0004 


2Ag : Hg:: 100: 92.660, + .0051 


An - Ww N 
SE RS 


(I. 
(2. 
(3. 
(4. 
(5. 
(6. 


The calculations involve the following values : 


O = 15.879, + .0003 Br = 79.344, + .0062 
Ag = 107.108, + .0031 S = 31.828, + .0015 
Cl = 35.179, + .0048 C =TII.920, + .0004 
N = 13.935, a= .0021 
Hence the values for mercury are— 

Tirorn s(t) evepsiererstauee vents eee woe act Hg = 198.557, - .0084 
roman (2k Aten cheek ae eter ee LY «* — 199.027, + .0406 
Bron) 3 osrasset een ee “* = 198.482, + .0285 
Brom (A) cies ee een eee ee oe oo == 95304. = 01 70 
BOM (GI) e cetacean “* = 198.568, + .0170 
Bromi(O)ieo sciatic eeee ... “© 198.493, + .0124 
General means eeeer etre Hg = 198.532, - .0059 


If O = 16, Hg = 200.045: 

But according to Hardin the value derived from the analyses of mer- 
curic oxide is untrustworthy. Rejecting this, and also the abnormally 
high result from the sulphide series, the general mean of the four re- 
maining values is— 


Hg = 198.491, + .0083, 


or, with O = 16, Hg = 200.004. These figures seem to be the best for 
the atomic weight of mercury. 
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BORON. 


In the former edition of this work the data relative to boron were few 
and unimportant. There was a little work on record by Berzelius and 
by Laurent, and this was eked out by a discussion of Deville’s analyses 
of boron chloride and bromide. As the latter were not intended for 
atomic weight determinations they will be omitted from the present re- 
calculation, which includes the later researches of Hoskyns-Abrahall, 
Ramsay and Aston, and Rimbach. 

Berzelius* based his determination upon three concordant estima- 
tions of the percentage of water in borax. Laurent + made use of two 
_ similar estimations, and all five may be properly put in one series, thus : 


47.10 | 
47.10 [ Berzelius, 


47.10 | 


47-05 \ Laurent. 
47.20 





Mean, 47.13, -— .013 


In 1892 the posthumous notes of the late Hoskyns-Abrahall were 
edited and published by Ewan and Hartog.{ This chemist especially 
studied the ratio between boron bromide and silver, and also redeter- 
mined the percentage of water in crystallized borax. The latter work, 
which was purely preliminary, although carried out with great care, gave 
the following results, reduced to vacuum standards : 


Na,B,O,.10H,0. Na,B,O,. Per cent. 1,0. 
7.00667 3.69587 47.2069 
12.95936 6.82560 47.3308 
4.65812 2.45248 47.3504 
4.47208 3-93956 47.2763 
4.94504 2.60759 47.2686 





Mean, 47.2866, + .or7I 


Two sets of determinations were made with the bromide, which was 
prepared from boron and bromine directly, freed from excess of the 
latter by standing over mercury, and finally collected, after distillation, 
in small, weighed, glass bulbs. It was titrated with a solution of silver 
after all the usual precautions. The first series of experiments was as 
follows, with BBr, proportional to 100 parts of silver stated as the ratio : 





* Poggend. Annalen, 8,1. 1826. 
+ Journ. fiir Prakt. Chem., 47, 415. 1849. 
t Journ. Chem. Soc., 61, 650. August, 1802. 
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b 





BiBia. Ag. Ratio. 
3.31202 1.69406 . 77-449 
4.39944 5.67829 77-478 
5.04022 6.50820 77-444 . 
6.51597 8.38919 77-433 
7-75343 10.01235 77-439 





Mean, 77.449, + .0053 


This series of data is regarded by the editors as preliminary, and not 
entitled to much consideration. The second series, which follows, was 
the final one; both represent vacuum standards : 





BB ra: Ag. Ratio. 
4.467835 5.771268 77-415 
8.423151 10,880648 77.414 
T.655111 2.137593 77.429 
8.032352 10. 374201 77.426 
4.092743 5.285949 77-427 
2.389993 3.086842 77-425 
7-721944 9.974054 77-420 

Mean, 77.422, + .0018 

First series, 77.440, = .0053 


General mean, 77.425, + .O017 


Ramsay and Aston,* in their paper upon the atomic weight of boron, 
suggest that Abrahall’s bromide may have contained hydrobromie acid, 
which would fully account for the low result obtained. They them- 
selves adopt two distinct methods, the first one being the time-honored 
determination of water in crystallized borax. The latter was prepared 
from pure boric acid and pure sodium hydroxide. Results as follows, 
reduced to a vacuum : 


Na,B,O,.10H,0. Na,B,O,. Per cent. H,O. 
10, 3581602 5-4784357 47-1099 
5.3440080 2.8246677 47.1433 
4.9962580 2.6378934 47.2026 
5.7000256 3.O101127 47.1912 
5. 3142725 2.8065646 47.1882 
4.9971924 2.6392016 47.1865 
5.2366921 2.7674672 47.1524 





Mean, 47.1677, + .0086. 


This we may combine with the previous determinations, thus: 


Berzeliusiwith ieaurenta eee aera A713 = OLSO) 
Moskyns-Ahrahballys scien: eee reticle 47.2866, + .O171 
Ramsay andgAstony 20). Wutitatlta acter eta 47.1677, + .0086 

Generalameann en ee ee eer 47.1756, + .0066 





* Journ. Chem. Soc., 63, 211. 1893. 
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The second method adopted by Ramsay and Aston was to distill anhy- 
drous borax with hydrochloric acid and methyl alcohol, both scrupu- 
lously pure, thereby converting it into sodium chloride. The operation 
was conducted in a glass flask, and in the first series of determinations 
ordinary soft glass was used. This, however, was somewhat attacked, 
so that the sodium chloride contained silica; hence oxygen in the ma- 
terial of the flask had been replaced by chlorine, thereby increasing its 
weight, and lowering the apparent atomic weight of boron. Inasecond 
series flasks of hard combustion tubing were taken, and the error, though 
not absolutely avoided, was reduced toa very small amount. Both series 
are subjoined, together with the percentage of chloride formed; but the 
weights, given by the authors to seven decimal places, are only quoted 
to the nearest tenth milligramme, They are reduced to vacuum stand- 
ards. 


First Series. 


Na,B,O.. Nact. Per cent. NaCl. 
4.7684 2.7598 57-877 
5.2740 3-0578 57-978 
3.2344 1.8727 57.899 
4.0862 2a 78 58.032 
3-4970 2.0266 57-953 





Mean, 57.948, + .0187 


Second Series. 


Na,B,O,. NaCl. Per cent. NaCl. 
5-3118 3.0761 57-911 
4.7806 2.7700 57-943 
4.9907 2.8930 57.9608 
4.7231 2.7360 57-928 
3.3138 1.9187 57.900 





Mean, 57.930, -- .oo81 
First series, 57.948, + .0187 


General mean of both, 57.933, -_ .0074 


Asa check upon the last series of results, the sodium chloride was 
dissolved in water, and precipitated with silver nitrate. The silver 
chloride was collected and weighed in a Gooch crucible, and its weight 
gives a new ratio with anhydrous borax. The cross ratio between the 
two chlorides, silver and sodium, has already been used in the discussion 
upon sodium. The new ratio I give in terms of Na,B,O, equivalent to 
100 parts of AgCl. 
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Na,B,O,. AgCl, Ratio. 

5.3118 7.5259 70.580 - 
4.7806 6.7794 70.517 

4.9907 7.0801 70.489 

4.7231 6.6960 70.536 

3.3138 4.6931 70.610 





Mean, 70.546, + .0146 


Rimbach * based his determination of the atomic weight of boron upon 
the fact that boric acid is neutral to methyl orange, and that therefore 
it is possible to titrate a solution of borax directly with hydrochloric 
acid. His borax was prepared from carefully purified boric acid and 
sodium carbonate, and his hydrochloric acid was standardized by a series 
of precipitations and weighings as silver chloride. It contained 1.84983 
per cent. of actual HCl. The borax, dissolved in water, was titrated by 
means of a weight-burette. I give the weights found in the first and 
second columns of the following table, and in the third column, calcu- 
lated by myself, the HCl proportional to 100 parts of crystallized borax. 
Rimbach himself computes the percentage of Na,O and thence the atomic 
weight of boron, but the ratio Na,B,O,.10H,O : 2HCl is the ratio actually 
determined. 


Na,B,O,.10H,0. ACL Solution. Ratio. 
10,00214 103.1951 19.0853 
15.32772 158.1503 19.0864 
15.08870 155-7271 19.0917 
10, 12930 104.5448 19.0922 

5.25732 54.2571 19.0908 
15.04324 155-2307 19.0883 
15.04761 155-2959 19.0908 
10.43409 107.6602 19.0868 

5-04713 52.0897 19.0915 





Mean, 19,0893, + .0006 


Obviously, this error should be increased by the probable errors in- 
volved in standardizing the acid, but they are too small to be worth 
considering. 

The following ratios are now available for boron: 


(1) Percentage of water in Na,B,O,. 10H, O, 47.1756, + .0066 
(2) 3Ag  BBr, 22 1003 7'7.425, == 0017 

(3) Na,B,O, : 2NaCl: : 100 : 57.933, + .0074 

(4) 2AgCl : Na,B,O, : : 100: 70.546, + .0146 

(5) Na,B,O,.10H,O : 2HCI: : 100: 19,0893, + .0006 





* Berichte Deutsch. Chem. Gesell., 26, 164. 1893. 
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For reduction we have the antecedent atomic and molecular weights— 


OF = is, 3879) == 0003 Na = 22,881, + .0046 
Ag = 107,108, + .0031 NaCl— 58.060, + .oo17 
Cl = 35.179, — .0048 AgCl = 142.287, + .0037 
Br = 79.344, - .0062 


For the molecular weight of Na,B,O, we now have— 





BIOTIN (CL aences eto tet sve yeta eo. ty Na, B,O, = 200,198, + .0377 
EUFOMM (3) Rmeerepseitecistan | week en oF = 200.439, + .0263 
FOr (Al) Pere aera stra s siysiet a. =< oS = 200.756, + .0419 
GO MMe (Gis er erea sates (eure os Ci cheeellsi 2 as == 200,260, + .0518 

Generalemeanemen es. Na,B,O, = 200.421, + .0180 


Hence B = 10.876, + .0051. 


From ratio (2), B = 10.758, + .0207. The two values combined give— 


oD 


== 10,863; += .0050. 


(Or, it O'= 16; B== 10.946. 


If we consider ratios (1), (8), (4), and (5) separately, they give the fol- 
lowing values for b: 


EMCO (E16) ee tape reseree ren ETN east hatte Nia Stan's Van ShS Vigin BOe B = 10.821 
FEST OTA (3) rateN See TcRt ere Poached ove ae. es a 2s isi ages (— T0100 
TeCOVaT (AD es Bish lees) 86:5. Stwolt GCM NSCS Nae RIS ee ‘<== TOLQ00 
EO MU (5) eter aetna edie ee wt kir eas os See i TOs830 


Of these, the second and third involve the data from which, in a 
previous section of this work, the ratio NaCl: AgCl was computed. In 
using that ratio for measuring the molecular weights of its component 
molecules, discordance was noted, which again appears here. The chief 
uncertainty in it seems to be connected with ratio (4), which is therefore 
entitled to comparatively little credence, although its rejection is not 
necessary at this point. In ratio (2), Abrahall’s determination, the high 
probable error of B is due to the also high probable error of 3Br, and it 
is quite likely that the result is undervalued. The general mean, B = 
10.863, + .0050, however, can hardly be much out of the way. It is cer- 
tainly more probable than any one of the individual values. 
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ALUMINUM. 


The atomic weight of aluminum has been determined by Berzelius, 
Mather, Tissier, Dumas, Isnard, Terreil, Mallet, and Baubigny. The 
early calculations of Davy and of Thomson we may properly disregard. 

Berzelius’* determination rests upon a single experiment. He ignited 
10 grammes of dry aluminum sulphate, Al,(SO,),, and obtained 2.993 
grammes of Al,O, as residue. 

Hence Al = 27.103. 

In 18357 Mather published a single analysis of aluminum chloride, 
from which he sought to fix the atomic weight of the metal. 0.646 grm. 
of AICI, gave him 2.056 of AgCl and 0.2975 of Al,O,. These figures give 
worthless values for Al, and are included here only for the sake of com- 
pleteness. From the ratio between AgCl and AICI,, Al = 28.584. 

Tissier’s { determination, also resting on a single experiment, appeared 
in 1858. Metallic aluminum, containing .135 per cent. of sodium, was 
dissolved in hydrochloric acid. The solution was evaporated with nitric 
acid to expel all chlorine, and the residue was strongly ignited until only 
alumina remained. 1.935 grm. of Al gave 3.645 grm. of Al,O;. If we 
correct for the trace of sodium in the aluminum, we have Al = 26.930, 

Essentially the same method of determination was adopted by Isnard, $ 
who, although not next in chronological order, may fittingly be men- 
tioned here. He found that 9 grm. of aluminum gave 17 grm. of Al,O,. 
Hence Al = 26.8 

In 1858 Dumas,]] in connection with his celebrated revision of the 
atomic weights, made seven experiments with aluminum chloride. The 
material was prepared in quantity, sublimed over iron filings, and finally 
resublimed from metallic aluminum. Each sample used was collected 
in asmall glass tube, after sublimation from aluminum in a stream of 
dry hydrogen, and hermetically enclosed. Having been weighed in the 
tube, it was dissolved in water, and the quantity of silver necessary for 
precipitating the chlorine was determined. Reducing to a common 
standard, his weighings give the quantities of AlCl, stated in the third 
column, as proportional to 100 parts of silver: 


1.8786 grm, AIC], = 4.543 grm. Ag. 41.352 
3.021 . 7.292 8 41.459—Bad. 
2.399 ne 5-802 me 41.348 
1.922 ee AsOgrG, — OC 41.311 
1.697 Bs AMODG yy; 41.375 
4.3165 ee 10.448 os 41.314 
6.728 4 16.265 i 41.365 





* Poggend. Annal., 8, 177. 

+ Silliman’s Amer. Journ., 27, 241. 

t{ Compt. Rend., 46, 1105. 

2 Compt. Rend., 66, 508. 1868. 

| Ann. Chim. Phys. (3), 55, 151. Ann. Chem. Pharm., 113, 26. 
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In the second experiment the AICI, contained traces of iron. Reject- 
ing this experiment, the remaining six give a mean of 41.344, + .007. 
These data give a value for Al approximating to 27.5, and were for 
many years regarded as satisfactory. It now seems probable that the 
chloride contained traces of an oxy-compound, which would tend to 
raise the atomic weight. 

In 1879 Terreil * published a new determination of the atomic weight 
under consideration, based upon a direct comparison of the metal with 
hydrogen. Metallic aluminum, contained in a tube of hard glass, was 
heated strongly in a current of dry hydrochloric acid. Hydrogen was 
set free, and was collected over a strong solution of caustic potash. 
0.410 grm. of aluminum thus were found equivalent to 508.2 ce., or 
045671 grm. of hydrogen. Hence Al = 26.982. 

About a year after Terreil’s determination appeared, the lower value 
for aluminum was thoroughly confirmed by J. W. Mallet.t After giving 
a full résumé of the work done by others, exclusive of Isnard, the author 
describes his own experiments, which may be summarized as follows: 

Four methods of determination were employed, each one simple and 
direct, and at the same time independent of the others. First, pure 
ammonia alum was calcined, and the residue of aluminum oxide was 
estimated. Second, aluminum bromide was titrated with a standard 
solution of silver. Third, metallic aluminum was attacked by caustic 
soda, and the hydrogen evolved was measured. Fourth, hydrogen was 
set free by aluminum, and weighed as water. Every weight was care- 
fully verified, the verification being based upon the direct comparison, 
by J. E. Hilgard, of a kilogramme weight with the standard kilogramme 
at Washington. The specific gravity of each piece was determined, and 
also of all materials and vessels used in the weighings. During each 
weighing both barometer and thermometer were observed, so that every 
result represents a real weight in vacuo. 

The ammonium alum used in the first series of experiments was 
specially prepared, and was absolutely free from ascertainable impuri- 
ties. The salt was found, however, to lose traces of water at ordinary 
temperatures—a circumstance which tended towards a slight elevation 
of the apparent atomic weight of aluminum as calculated from the 
weighings. ‘Two sets of experiments were made with the alum; one 
upon a sample air-dried for two hours at 21°-25°, the other upon mate- 
rial dried for twenty-four hours at 19°-26°. These sets, marked A and 
B respectively, differ slightly, B being the less trustworthy of the two, 
judged from a chemical standpoint. Mathematically it is the better of 
the two. Calcination was effected with a great variety of precautions, 
concerning which the original memoir must be consulted. To Mallet’s 
weighings I append the percentages of Al,O, deduced from them : 








* Bulletin de la Soc. Chimique, 31, 153. 
7 Phil. Trans., 1880, p. 1003. 
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Series A. . 
8.2144 grm, of the alum gave .9258 grm. Al,O,. 11,270 per cent. 
14.0378 : 1.5825 as TM 27S ee ks 
5.6201 ‘s .0337 ie igicaeay fina IL 
11,2227 és 1.2657 ss D2 7 ee 
10.8435 nS 1.2216 es Tie 2 00a 
Mean, 11.2724, + .0014 
Series B. 
12,1023 grm, of the alum gave 1.3660 grm, Al,O,. 11.287 per cent. 
10.4544 oF 1.1796 s Tia? Oe 
6.7962 - -7070 a Lie2S Ounce 
8.5601 rf .9054 ee Plo. 
4.8992 a .5528 He T2590) 





Mean, 11.2834, + OOI! 


Combined, these series give a general mean of 11.2798, +.0008. Hence 
Al = 26.952. 

The aluminum bromide used in the second series of experiments was 
prepared by the direct action of bromine upon the metal. The product 
was repeatedly distilled, the earlier portions of each distillate being re- 
jected, until a constant boiling point of 263.°3 at 747 mm. pressure was 
noted. The last distillation was effected in an atmosphere of pure nitro- 
gen, in order to avoid the possible formation of oxide or oxy-bromide of 
aluminum; and the distillate was collected in three portions, which 
proved to be sensibly identical. The individual samples of bromide 
were collected in thin glass tubes, which were hermetically sealed after 
nearly filling. For the titration pure silver was prepared, and after 
fusion upon charcoal it was heated in a Sprengel vacuum in order to 
eliminate occluded gases. This silver was dissolved in specially purified 
nitric acid, the latter but very shghtly in excess. The aluminum bro- 
mide, weighed in the sealed tube, was dissolved in water, precautions be- 
ing taken to avoid any loss by splashing or fuming which might result 
from the violence of the action. To the solution thus obtained the silver 
solution was added, the silver being something less than a decigramme 
in deficiency. The remaining amount of silver needed to complete the 
precipitation of the bromine was added from a burette, in the form of a 
standard solution containing one miligramme of metal to each cubic 
centimetre. The final results were as follows, the figures in the third 
column representing the quantities of bromide proportional to 100 parts 
of silver. Series A is from the first portion of the last distillate of AlBr, ; 
series B from the second portion, and series C from the third portion: 


Series A. 
6.0024 grm. AIBr, = 7.2793 grm, Ag. 82.458 
8.6492 os 10.4897 ss 82.454 


3.1808 at 3.8573 es 82.462 
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Series B. 
6.9617 grm, AlBr, = 8.4429 grm. Ag. 82.456 
11.2041 oe 13.5897 ss 82.445 
3.7621 . 475024) 82.459 
5.2842 ae 6.4085 8 82.456 
9.7338 a 11.8047 ae 82.457 
SUA (E- 
9.3515 grm. AlBr, = 11.3424 grm. Ag. 82.447 
4.4426 a 5.3877 rf 82.458 
5.2750 5 6.3975 < 82.454 





Mean, 82.455, + .OOI 


Hence Al = 26.916. 

The experiments to determine the amount of hydrogen evolved by the 
action of caustic soda upon metallic aluminum were conducted with pure 
metal, specially prepared, and with caustic soda made from sodium. 
The soda solution was so strong as to scarcely lose a perceptible amount 
of water by the passage through it of a dry gas at ordinary temperature. 
As the details of the experiments are somewhat complex, the original 
memoir must be consulted forthem. The following results were obtained, 
the weight of the hydrogen being calculated from the volume, reckoned 
at .089872 gramme per litre. 


Wt. Al. Vols Et. Wt. FH. At. Wi. 
3697 458.8 .04.1234 26.898 
-3769 467.9 .042051 26.889 
. 3620 449.1 .040362 26.907 
-7579 941.5 -084614 26.872 
7314 907.9 .081595 26,891 
-7541 9360.4 .084156 26.882 


Mean, 26.890, + .0034 


The closing series of experiments was made with larger quantities of 
aluminum than were used in the foregoing set. The hydrogen, evolved 
by the action of the caustic alkali, was dried by passing it through two 
drying tubes containing pumice stone and sulphuric acid, and two others 
containing asbestos and phosphorus pentoxide. Thence it passed 
through a combustion tube containing copper oxide heated to redness. 
A stream of dry nitrogen was employed to sweep the last traces of hy- 
drogen into the combustion tube, and dry air was afterwards passed 
through the entire apparatus to reoxidize the surface of reduced copper, 
and to prevent the retention of occluded hydrogen. The water formed 
by the oxidation of the hydrogen was collected in three drying tubes. 
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The results obtained were as follows. The third column gives the amount 
of water formed from 10 grammes of aluminum. 


2.1704 grm, Al gave 2.1661 grm. H,O. 9.9802 
2.9355 " 2.9292 9-9785 
5.2632 es 5.2562 BY 9.9867 





Mean, 9.9818, + .0017 


Hence Al = 26.867. 

From the last two series of experiments an independent value for the, 
atomic weight of oxygen may be calculated. It becomes O = 15.895. 
The closeness of this figure to some of the best determinations affords a 
good indication of the accuracy of Mallet’s work. 

In connection with Mallet’s work it is worth noting that Torrey * pub- 
lished a series of measurements of the H: Al ratio, representing determi- 
nations made under his direction by elementary students. These meas- 
urements are thirteen in number, and calculated with Regnault’s old 
value for the weight of hydrogen, range from 26.661 to 27.360, or in mean, 
27.049, + .828. Corrected by the latest value for the weight of H, this 
mean becomes 26.967. The result, of course, has only confirmatory 
significance. 

By Baubigny f we have only two determinations, based upon the 
calcination of anhydrous aluminum sulphate, Al,(SO,),. 





3.6745 grm. salt gave 1.0965 Al,O,. 29.841 per cent. 
2.539 : M12 oa 29.823“ 
Mean, 29.832, - .oo61 


Hence Al = 26.858. 

It is clear that the single determinations of Berzelius, Mather, Tissier, 
Isnard, and Terreil may now be safely left out of account, for the reason 
that none of them could affect appreciably the final value for Al. The 
ratios to consider are as follows: 


(1.) 3Ag: AICI, : : 100: 41.344, + .0070 

(2.) Percentage of Al,O, in ammonium alum, 11.2793, -_ .0008 
(3.) 3Ag: AlBr, : : 100 : 82.455, + .oo10 

(45) EL Ass) 26: 89040024! 

(5.) Al, : 3H,O:: 10: 9.9818, + .0017 

(6.) Pereentaee of Al,O, in Al,(SO,)s, 29.832 .OO61 


The antecedent values are— 


O = 15.879, = .0003 Br= 79.344, - .0062 
Ag = 107,108, + .0031 N = 13-935, s+ .0021 
Ce 35.179, + .0048 SsS= 31.828, = .O0OT5 


* Am. Chem. Journ., Io, 74. 1888. 
+ Compt. Rend., 97, 1369. 1883. 
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Hence for aluminum we have— 


HIG Tag (Id) ees eles levee ciaisisoch korn at sts Al = 27.311, + .0270 
OME MPa ite 6 Ely -Ae &. cara) eparertorakns “* == 26.952, -- .0037 
PCOMIEU GN eile oe a a oatais 2.5 <= o's sara) ee ae <\ == 20.916) -=).0205 
OMA (Ai Rerctne steve cekecis on ooze aero “« — 26.890, + .0034 
HrOMIn (Scuttle ra fetiate,c1s « sce c ei tein “* = 26,867, + .0046 
ULOMTG (GO) Rearee verses eile aio. «es lere.cseie eve “« — 26.858, + .o113 

Generalameanhiaas:. ¢ cs,ccs cis Al = 26.906, + .0021 


With O = 16, Al= 27.111. The rejection of Dumas’ data only lowers 
the result to 26.903. 


GALLIUM. 


Gallium has been so recently discovered, and obtained in such small 
quantities, that its atomic weight has not as yet been determined with 
much precision. The following data were fixed by the discoverer, 
Lecoq de Boisbaudran :* 

3.1044 grammes gallium ammonium alum, upon ignition, left .5885 
grm. Ga,O,. 

Beenee Ga — 169-099, tO — 16, Ga = 70.125. 

4481 grammes gallium, converted into nitrate and ignited, gave 
.6024 grm. Ga,O,. 

Hence Ga = 69.171. If O= 16, Ga = 69.698. 

These values, assigned equal weight, give these means : 


With H =1, Ga = 69.383. With O = 16, Ga = 69.912 





* Journ. Chem. Soc., 1878, p. 646. 


182 THE ATOMIC WEIGHTS. 


INDIMOME 


Reich and Richter, the discoverers of indium, were also the first to 
determine its atomic weight.* They dissolved weighed quantities of the 
metal in nitric acid, precipitated the solution with ammonia, ignited the 
precipitate, and ascertained its weight. Two experiments were made, as 
follows: 

-5135 grm. indium gave .6243 grm. In,Os. 
.699 es .8515 as 


Hence, in mean, In = 110.61, if O = 16; a value known now to be 
too low. 

An unweighed quantity of fresh, moist indium sulphide was also dis- 
solved in nitric acid, yielding, on precipitation, 


.2105 grm. In,O, and .542 grm. BaSQ,. 


Hence, with BaSO, = 238.505, In = 112.03 ; also too low. 

Soon after the publication of Reich and Richter’s paper the subject 
was taken up by Winkler. He dissolved indium in nitric acid, evap- 
orated to dryness, ignited the residue, and weighed the oxide thus 
obtained. 

.5574 grm. In gave .6817 grm. In,O,. 
.6661 es .8144 a 
.5011 = .6126 as 


Hence, in mean, if O =16, In = 107.76; a result even lower than the 
values already cited. 

In a later paper by Winkler { better results were obtained. Two 
methods were employed. First, metallic indium was placed in a solu- 
tion of pure, neutral, sodio-auric chloride, and the amount of gold pre- 
cipitated was weighed. I give the weighings and, in a third column, 
the amount of indium proportional to 100 parts of gold: 


In. At. Ratio. 
.4471 grm. .8205 grm. 57.782 
8445 “ 1.4596 “ 57.858 ; 


Mean, 57.820, + .026 


Hence, if Au = 195.748, + .0049, In = 113.179, + .0517. 
Winkler also repeated his earlier process, converting indium into 
oxide by solution in nitric acid and ignition of the residue. An ad- 





* Journ. flir Prakt. Chem., 92, 484. 
+ Journ. fiir Prakt. Chem., 94, 8. 
t{ Journ. fir Prakt. Chem., 102, 282. 
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ditional experiment, the third as given below, was made after the method 


of Reich and Richter. The third column gives the percentage of In in 
Im,O,: 


1.124 grm. In gave 1.3616 grm, In,Os. Per cent., 82.550 
1,015 vt 1.2291 os 4 82 581 
“og7ey ong 25,. 0 2-087 


These figures were confirmed by a single experiment of Bunsen’s,* 
published simultaneously with the specific heat determinations which 
showed that the oxide of indium was In,O,, and not InO, as had been 
previously supposed : 


1.0592 grm. In gave 1.2825 grm. In,O,. Per cent. In, 82.589 
For convenience we may add this figure in with Winkler’s series, which 
gives us amean percentage of In in In,O, of 82.564, + .0082. Hence, if 


Or 115.879; == 0008, Ine = 112.787, = .0542. 
Combining both values, we have— 


Mromysol cle Senlects mega etre ashe cla In = 113.1795 S=-0517 
se LOMmOXIG ekSenlccmerr amin © 451i N27 Oe OSA 
General mean. 5420.41.03. =. In = 112.992, + .0374 


If = 16, In = 113.858. 





* Poggend. Annal., 141, 28. 
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THALLIUM. 


The atomic weight of this interesting metal has been fixed by the re- 
searches of Lamy, Werther, Hebberling, Crookes, and Lepierre. 

Lamy and Hebberling investigated the chloride and sulphate; Wer- 
ther studied the iodide; Crookes’ experiments involved the synthesis of 
the nitrate. Lepierre’s work is still more recent, and is based upon 
several compounds. 

Lamy * gives the results of one analysis of thallium sulphate and three 
of thallium chloride. 38.423 grammes TI,SO, gave 1.578 grm. BaSO,; 
whence 100 parts of the latter are equivalent to 216.920 of the former. 
In the thallium chloride the chlorine was estimated as silver chloride. 
The following results were obtained. In the third column I give the 
amount of TIC] proportional to 100 parts of AgCl: 


3.912 grm, TIC] gave 2.346 grm. AgCl. 166.752 
3.000 ey 1.8015 es 166,528 
3.912 a 2.336 st 167.466 





Mean, 166.915, + .1905 


Hebberling’s + work resembles that of Lamy. Reducing his weighings 
to the standards adopted above, we have from his sulphate series, as 
equivalent to 100 parts of BaSO,, the amounts of TI,SO, given in the 
third column : 


1.4195 grm. T1,SO, gave .6534 grm, BaSQ,. 217.248 
1.1924 us -5507 oe 216,524 
.8560 * -3957 “ 216.325 





Mean, 216.699 


Including Lamy’s single result as of equal weight, we get a mean of 


216.754, + .1387. 
From the chloride series we have these results, with the ratio stated 
as usual: 
.2984 grm. TIC] gave .1791 grm. AgCl. 166.611 
5452 3278 o 166, 321 





Mean, 166,465, + .097 


Lamy’s mean was 166.915, + .1905. Both means combined give a 
general mean of 166.555, + .0865. 

Werther’st determinations of iodine in thallium iodide were made by 
two methods. In the first series TII was decomposed by zinc and potas- 
sium hydroxide, and in the filtrate the iodine was estimated as Agl. 





* Zeit. Anal. Chem., 2, 211. 1863. 
+Ann. Chem. Pharm., 134, 11. 1865. 
t Journ. ftir Prakt. Chem., 92, 128. 1864. 
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One hundred parts of AgI correspond to the amounts of TII given in 
the last column: 


.720 grm, TII gave .51 grm. Agl. 141.176 
2.072 us 1.472 As 140.761 
.g60 ss .679 ee 141.384 
385 os 278 es 141,026 
1,068 oF .759 es 140.711 





Mean, 141.012, + .085 


In the second series the thallium iodide was decomposed by ammonia 
in presence of silver nitrate, and the resulting AgI was weighed. Ex- 
pressed according to the foregoing standard, the results are as follows: 


1.375 grm. TII gave .978 grm. AglI, Ratio, 140.593 
1.540 as 1.095 oe SS rg 0.639 
1.380 se .981 ee (1401672 





Mean, 140.635, + .016 


General mean of both series, 140.648, + .016. 

In 1873 Crookes,* the discoverer of thallium, published his final deter- 
mination of its atomic weight. His method was to effect the synthesis of 
thallium nitrate from weighed quantities of absolutely pure thallium. 
No precaution necessary to ensure purity of materials was neglected ; the 
balances were constructed especially for the research ; the weights were 
accurately tested and all their errors ascertained ; weighings were made 
partly in air and partly in vacuo, but all were reduced to absolute stand- 
ards ; and unusually large quantities of thallium were employed in each 
experiment. In short, no effort was spared to attain as nearly as possi- 
ble absolute precision of results. The details of the investigation are too 
voluminous, however, to be cited here; the reader who wishes to become 
familiar with them must consult the original memoir. Suffice it to say 
that the research is a model which other chemists will do well to copy. 

The results of ten experiments by Professor Crookes may be stated as 
follows. In a final column I give the quantity of nitrate producible 
from 100 parts of thallium. The weights given are in grains : 


Thallium. T1NO, + Glass. Glass Vessel. Ratio. 
497.972995  ~ = 1121.851852 472.557319 130.3875 
293.193507 I111,387014 729.082713 130.3930 
288 562777 Q71.214142 594-949719 130.3926 
324.963740 1142.569408 718.849078 130.3900 
183.790232 1005.779897 766.133831 130.3912 
190.842532 997.334615 748.491271 130. 3920 
195.544324 1022.176679 767.203451 130.3915 
201.816345 101 3.480135 750. 332401 130.3897 
295.683523 1153.947672 768.403621 130.3908 
299.203036 1159.870052 769.734201 130.3917 








Mean, 130.3910, + .00034 





* Phil. Trans., 1873, p. 277. 
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Lepierre’s* determinations were published in 1893, and represented 
several distinct methods. First, thallous sulphate was subjected to elec- 
trolysis in presence of an excess of ammonium oxalate, the reduced 
metal being dried and weighed in an atmosphere of hydrogen. The cor- 
rected weights, etc., are as follows: 


1.8935 grm. TI,SO, gave 1.5327 Tl. 80.945 per cent. 
2.7243 ss QRZ Ob mis 801957 9) 
2.8112 ae oe SO 805055 





Mean, 80,953, + .0030 


Secondly, weighed quantities of crystallized thallic oxide were con- 
verted into thallous sulphate by means of sulphurous acid, and the solu- 
tion was then subjected to electrolysis, as in the preceding series. 

3.2216 grm, T],O, gave 2.8829 TI. 89.487 per cent. 
2.5417 i 2.2742 “ 89.475“ 





Mean, 89.481, + .0040 


In the third set of experiments a definite amount of thallous sulphate 
or nitrate was fused in a polished silver crucible with ten times its weight 
of absolutely pure caustic potash. Thallic oxide was thus formed, which, 
with various precautions, was washed with water and alcohol, and finally 
weighed in the original crucible. One experiment with the nitrate gave— 


2.7591 grm. TINO, yields 2.3649 TI,O,. 85.713 per cent. 
Two experiments were made with the sulphate, as follows: 


3.1012 grm. TI,SO, gave 2.8056 T1,O,. 90.468 per cent. 
2.3478 ss Bx ezeto) | OC GoM Ga 





Mean, 90.465, + .0020 


Finally, crystallized thallic oxide was reduced by heat in a stream of 
hydrogen, and the water so formed was collected and weighed. 


2.7873 grm, Tl,O, gave .3301 H,O. 11.843 per cent. 
3.9871 us aA OMS Ti)igtsyye) | | OF 
4.0213 Gp AOI ae TieO3One 





Mean, 11.837, + .co29 


In a supplementary note? Lepierre states that his weights were all 
reduced to vacuum standards. 

Some work by Wells and Penfield, {incidentally involving a deter- 
mination of atomic weight, but primarily intended for another purpose, 
may also be taken into account. Their question was as to the constancy 
of thallium itself. The nitrate was repeatedly crystallized, and the last 
crystallization, with the mother liquor representing the opposite end of 





* Bull. Soc. Chim. (3), 9, 166. 
+ Bull. Soc. Chim. (3), 11, 423. 1894. 
{ Amer. Journ. Sci. (3), 47, 466. 1894. 
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the series, were both converted into chloride. In the latter the chlorine 
was estimated as silver chloride, which was weighed on a Gooch filter, 
with the results given below, which are sensibly identical. The ‘TIC 
equivalent to 100 parts of AgCl is stated in the last column. 


TC. Arc Ratio. 
Crystalseewe amy, anes 3.9146 "253898 167.341 
Mother liquor....... 3-3415 1.9968 | 167.343 





Mean, 167.342 


The general mean of Lamy’s and Hebberling’s determinations of this 
ratio gave 166.555, + .0865. If we arbitrarily assign Wells and Pen- 
field’s mean equal weight with that, we get a new general mean of 
166.948, + .0610. 

The ratios to be considered are now as follows: 


(t:)) Bas@©; 2 iySO] 7: 100); 21657545 =" 1387, 
(2.) AgCl: TIC]: : 100 : 166,948, + .o610 
(3.) AgI : TIL: : 100 : 140.648, + .016 

(4.) Tl: TINO, : : 100 : 130.391, + .00034 
(5.)) DESO;: Ll, : : 100% 80.953, += .c0Zz0 

(6.) Tl,O, : Tl, : : 100 : 89.481, + .0040 

(7.22 DENS: On: T00': 35.713 

(8.) TI,SO, : T1,O, : : 100 : 90.465, + .0020 
(On) MONA. O) <i) 100): 51.5375 40020 


And the antecedent data are these: 


O = 15.879, += .0003 IN 1310350021 
Ag = 107.108, + .0031 5 == 1RO2 Se OO 
Cl = 35.179, = .0048 Ag@] = 142.287, 3= .0037 
I 125.888, + .0069 Agl = 232.996, + .0062 


Ratio number seven rests upon a single experiment, and the atomic 
weight of thallium derived from it must therefore be arbitrarily weighted. 
It has been assumed, therefore, that its probable error is the same as that 
from number eight. Taking this much for granted, we have nine values 
for thallium, as given below: 


Brong (0). yes ak ous ok di San Tl = 203.478, + .1610 
LOM (2) rae renner Rae e Secreto shave 3 ‘© — 202,366, + .0872 
Eom ((B) eee tere sania heats “ — 201.816, - .0389 
Biron (4a meme tere toy ete hare asd ‘* — 202.595, - .O117 
PRUE COE iy) ee Pee eevee yet aie ie SiGe M's spaces “¢ — 202,614, + .0330 
BOM (O)) Werretomerdere re ee esehcisiciiacs <1 eo cisiisie: © ‘* = 202 620, += .0775 
KOU (7h) ETRE IGE TOR Tee eves cis ive <== 202, 679.-— .0483 
ETO my (G) mee ieelensiey seve tits eats eee liar ti ** — 202.496, + .0483 
IIE Wine (0) Mean easiest os etrcls ouarre Yelederia08. «ahs oe ‘== 202:740; 1=-0570 

Generalimeanyee eee ier sya Tl = 202.555, -- .0098 


If O = 16, Tl = 204.098. 
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If we reject the first three values, retaining only those due to the ex- 
periments of Crookes and Lepierre, we have 





Tl = 202.605, + .0103 


If O = 16, this becomes 204.149. This mean exceeds Crookes’ deter- 
mination only by 0.01, and: may be regarded as fairly satisfactory- 
Crookes’ ratio evidently outweighs all the others. 


SILICON. 


Although Berzelius* attempted to ascertain the atomic weight of 
silicon, first by converting pure Si into SiO,, and later from the analysis 
of BaSiF,, his results were not satisfactory. We need consider only the 
work of Pelouze, Schiel, Dumas, and Thorpe and Young. ° 

Pelouze,f experimenting upon silicon tetrachloride, employed his 
usual method of titration with a solution containing a known weight of 
silver. One hundred parts of Ag gave the following equivalencies of 
SiCl,: 

39-4325 
39.4570 





Mean, 39.4447, + .0083 


Hssentially the same method was adopted by Dumas.{ Pure SiCl, 
was weighed in a sealed glass bulb, then decomposed by water, and 
titrated. The results for 100 Ag are given in the third column : 


2.899 grm. SiC], = 7.3558 grm. Ag. 39.411 
1.242 + 3-154 i 39-379 
Biz fs 8.1875 “s 39.340 





Mean, 39.377, + -O14 


Dumas’ and Pelouze’s series combine as follows : 


Re] OU Zeyh x05 wteaievacsiiet VAST Pate onto rehoeee ens 39.4447, + .0083 
DD uMasyss Ae atvetsyseors ae bie eve nrceeeeitecuens ee SOS i= Ol4 
Generalimecans ener ere ere 39.4265, + .0071 


Schiel, § also studying the chloride of silicon, decomposed it by am- 
monia. After warming and long standing it was filtered, and in the 








* Lehrbuch, 5 Aufl., 3, 1200. 

+ Compt. Rend., 20, 1047. 1845. 
tAnn. Chem, Pharm., 113, 31. 1860. 
2Ann. Chem. Pharm., 120, 94. 
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filtrate the chlorine was estimated as AgCl. One hundred parts of AgCl 
correspond to the quantities of SiCl, given in the last column: 


.6738 grm. SiC], gave 2.277 grm. AgCl. 29.592 
1.3092 s 4.418 ss 29.633 





Mean, 29.6125, + .0138 


Thorpe and Young,* working with silicon bromide, seem to have ob- 
tained fairly good results. The bromide was perfectly clear and color- 
less, and boiled constantly at 153°. It was weighed, decomposed with 
water, and evaporated to dryness, the crucible containing it being finally 
ignited. The crucible was red by one precisely similar, in which an 
equal volume of water was also evaporated. Results as follows, with 
weights at vacuum standards: 


9.63007 grm, atBry gave 1.67070 SiO,. 17.349 per cent. 


12, 36099 ZETA gion 6° TSG Oe 
12.98336 ae 2.25244 ‘* 175340 aie 
9.02269 a T5oOR42) “ L735 Oe 
15. 38426 ‘Sg 2.66518 ‘‘ 17 5e 24 
9.74550 ss 1.69020 “ EGA Gi ude 
6.19159 Ta75g0 7305 meee 
9.51204 Le 1.65065 ‘‘ 17-353 uae 
10.69317 $ 185555) “ WS our 





Mean, 17.347, - .0027 


The ratios now available are— 


(1.) 4Ag : SiC], : : 100 : 39.4265, + .0071 
(2.) 4AgCl: SiC], : : 100 : 29.6125, + .0138 


(Ba) Sibme sO sll) 17.347, = 0027 


Reducing these ratios with— 


O = 15.879, + .0003 Br = 79.344, + .0062 
Ag = 107.108, + .0031 Ae Cl 142.2375 O08 7. 
Cl = 35.179, - .0048 


we have the following values for the atomic weight of silicon: 


AO TING (GI) Mee ee rete eiei eters oo, 56 Si = 28.200, + .0363 
GTA (EV eyes ete Vectra ac} suey (8s) <0 ‘| == 27,823; =/-Oo10 
ESO (3) meretapcer aston slorewers cjet ssh sacke so: ats ‘== 28.187, += 0122 

Generalimecantan re cris serve Si = 28.181, == .o114 


If O = 16, Si = 28.395. 





* Journ, Chem. Soc., 51,576. 1887. 
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TITANIUM. 


The earliest determinations of the atomic weight of titanium are due 
to Heinrich Rose.* In his first investigation he studied the conversion 
of titanium sulphide into titanic acid, and obtained erroneous results ; 
later, in 1829, he published his analyses of the chloride. f This compound 
was purified by repeated rectifications over mercury and over potassium, 
and was weighed in bulbs of thin glass. These were broken under water 
in tightly stoppered flasks ; the titanic acid was precipitated by ammo- 
nia, and the chlorine was estimated as silver chloride. The following 
results were obtained. Ina fourth column I give the TiO, in percentages 
referred to TiC], as 100, and in a fifth column the quantity of TiC], pro- 
portional to 100 parts of AgCl: 








Tid, TOs. AgCl. Per cent. TiO). AgC Ratio. 
.885 grm. -379 grm, 2.661 grm, 42.825 33.258 
210805 Tey 20 7.0540 42.481 33-147 
TPE ST 732 “* Reyes 42.665 33-173 
3.0455 “ 1.322 * 9.198 43.423 33-100 
DAA Mice O56. is 7 asus 43-273 33.102 


Mean, 42.933, + .121 33.156, -E .O19 


If we directly compare the AgCl with the TiO, we shall find 100 parts 
of the former proportional to the following quantities of the latter: 
14.243 
14.081 
14.153 
14.373 
14.324 





Mean, 14.235, - .036 


Shortly after the appearance of Rose’s paper, Mosander { published 
some figures giving the percentage of oxygen in titanium dioxide, from 
which a value for the atomic weight of titanium was deduced. Although 
no details are furnished as to experimental methods, and no actual weigh- 
ings are given, I cite his percentages for whatever they may be worth: 

40.814 
40.825 
40.610 
40.180 
40.107 
40.050 
40.780 
40.060 
39.830 





Mean, 40.428 


* Gilbert’s Annalen; 1823, 67 and 129. 
+ Poggend. Annalen, 15, 145. Berz. Lehrbuch, 3, 1210. 
J Berz. Jahresbericht, ro, 108. 1831. 
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These figures, with O = 15.879, give values for Ti ranging from 46.03 
to 47.98; or, in mean, Ti — 46.80. They are not, however, sufficiently 
explicit to deserve any farther consideration. 

In 1847 Isidgr Pierre made public a series of important determina- 
tions.* Titanium chloride, free from silicon and from iron, was pre- 
pared by the action of chlorine upon a mixture of carbon with pure, 
artificial titanic acid. This chloride was weighed in sealed tubes, these 
were broken under water, and the resulting hydrochloric acid was titrated 
with a standard solution of silver after the method of Pelouze. I subjoin 
Pierre’s weighings, and add, in a third column, the ratio of TiCl, to 100 
parts of silver: 


TOCT, Ag. Ratio. 
.8215 grm. 1.84523 grm. 44.520 
AO 1.73909 ‘ 44.506 
ea 1.74613 “ 44.527 
LOO) = 1.61219 ‘“ 44 412 
8085“ 1.82344 ‘ 44.339 
6325 “ 1.42230 ‘* 44.470 
8155“ 1.83705" “* 44.392 
8165“ 1.83899 “ 44.399 
ROOOS |." 1.81965 ‘‘ 44.322 





Mean, 44.432, + .0173 


It will be seen that the first three of these results agree well with each 
other and are much higher than the remaining six. The last four ex- 
periments were made purposely with tubes which had been previously 
opened, in order to determine the cause of the discrepancy. According 
to Pierre, the opening of a tube of titanium chloride admits a trace of 
atmospheric moisture. This causes a deposit of titanic acid near the 

-mouth of the tube, and liberates hydrochloricacid. The latter gas being 
heavy, a part of it falls back into the tube, so that the remaining chloride 
is richer in chlorine and poorer in titanium than it should be. Hence, 
upon titration, too low figures for the atomic weight of titanium are 
obtained. Pierre accordingly rejects all but the first three of the above 
estimations. 

The memoir of Pierre upon the atomic weight of titanium was soon 
followed by a paper from Demoly, f who obtained much higher results. 
He also started out from titanic chloride, which was prepared 'from rutile. 
The latter substance was found to contain 1.8 per cent. of silica; whence 
Demoly inferred that the TiCl, investigated by Rose and by Pierre might 
have been contaminated with SiCl,, an impurity which would lower the 
value deduced for the atomic weight under consideration. Accordingly, 
in order to eliminate all such possible impurities, this process was resorted 





* Ann. Chim. Phys. (3), 20, 257. 
7 Ann. Chem. Pharm., 72, 214. 1849. 
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to: the chloride, after rectification over mercury and potassium, was 
acted upon by dry ammonia, whereupon the compound TiCl,4NH, was 
deposited as a white powder. This was ignited in dry ammonia gas, and 
the residue, by means of chlorine, was reconyerted into titanic chloride, 
which was again repeatedly rectified over mercury, potassium, and po- 
tassium amalgam. The product boiled steadily at 135°. This chloride, 
after weighing in a glass bulb, was decomposed by water, the titanic acid 
was precipitated by ammonia, and the chlorine was estimated in the 
filtrate as silver chloride. Three analyses were performed, yielding the 
following results. I give the actual weighings: 


1.470 grm, TiC], gave 4.241 grm. AgCl and .565 grm. TiO, 
2.330 ue 6.752 vA .801 * 
2.880 s¢ 8.330 a 1.088 fs 


The “.801 ” in the last column is certainly a misprint for .901. Assum- 
ing this correction, the results may be given in three ratios, thus: 











Per cent. TiO, from TiCt,. TiCl, : ro0oAg Cl. TiO, : 100Ag Cl. 
38.435 34.662 13.322 
38 669 34.508 13.344 
37-778 . 34-574 13.061 
Mean, 38.294, + .180 34.581, + .030 13.242, + .061 


These three ratios give three widely divergent values for the atomic 
weight of titanium, ranging from about 86 to more than 56, the latter 
figure being derived from the ratio between AgCl and TiCl,. This value, 
56, is assumed by Demoly to be the best, the others being practically 
ignored. 

Upon comparing Demoly’s figures with those obtained by Rose, certain 
points of similarity are plainly to be noted. Both sets of results were 
reached by essentially the same method, and in both the discordance 
between the percentages of titanic acid and of silver chloride is glaring. 
This discordance can rationally be accounted for by assuming that the 
titanic chloride was in neither case absolutely what it purported to be; 
that, in brief, it must have contained impurities, such for example as 
hydrochloric acid, as shown in the experiments of Pierre, or possibly 
traces of oxychlorides. Considerations of this kind also throw doubt 
upon the results attained by Pierre, for he neglected the direct estimation 
of the titanic acid altogether, thus leaving us without means for correctly 
judging as to the character of his material. 

In 1883* Thorpe published a series of experiments upon titanium 
tetrachloride, determining three distinct ratios and getting sharply con- 
cordant results. The first ratio, which was essentially like Pierre’s, by 





* Berichte Deutsch. Chem. Gesell., 16, 3014. 1883. 
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decomposition with water and titration with silver, was in detail as 
follows: 


in @ige Aon TiC, : 100Ag. 
2.43275 5.52797 44.008 
5-42332 12.32260 44.015 
3.59601 8.17461 44.000 
3.31222 zee 44.003 
’ 4.20093 9.54679 44.004 
5.688388 12.92686 44.008 
5.65346 12.85490 43.979 


4.08247 9.28305 43.978 





Mean, 43.999, - .0032 
Pierre found, 44.432, + .0073 


General mean, 44.017, + .0031 


The second ratio, which involved the weights of TiC], taken in the last 
five determinations of the preceding series, included the weighing of the 
silver chloride formed. The TiCl, proportional to 100 parts of AgCl is 
given in a third column: 





TiCh, AgCl. Ratio. 
Besi222 10.00235 33.114 
4.20093 12.68762 Boa mnE 
5.68888 17.17842 33-117 
5.65346 17.06703 33.125 
4.08247 12,32442 33.125 
Mean, 33.118, + .0oI1g9 
Rose found, 33.156, + .o19 
Demoly found, 34.581, + .030 


General mean, 33.123, + .0019. 


In the third series the chloride was decomposed by water, and after 
evaporation to dryness the resulting TiO, was strongly ignited. 


it Gli. Oe LCR CERES AIO), : 
6.23398 2.62825 42.160 
8.96938 3.78335 42.181 
10.19853 4.30128 42.176 
6.56894 2.77011 42.170 
: 8.99981 3-79575 42.176 
8.32885 3.51158 42.162 





Mean, 42.171, + .0022 
Rose found, 42.933, + .12I 
Demoly found, 38.294, + .180 


General mean, 42.171, + .0022 


In short, the work of Rose, Pierre, and Demoly practically vanishes. 
Furthermore, as will be seen later, the three ratios now give closely 
13 
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agreeing values for the atomic weight of titanium. The cross ratio, 
4A¢C]: TiO, is not directly given by either of Thorpe’s series ; but the 
data furnished by Rose and Demoly combine into a general mean of 
4AgCl1: TiO, : : 100: 13.980, + .0808. 

Some two years later Thorpe published his work more in detail,* and 
added a set of determinations, like those made upon the chloride, in 
which titanium tetrabromide was studied. Three ratios were measured, 
as was the case with the chloride. In the first, the bromide was decom- 
posed by water and titrated with a silver solution. 


Map tae Ag. Ti Br,: r00Ag. 
2.854735 3.34927 85.235 
3.120848 3.66122 85.241 
4.731118 5.55097 85.230 
6.969075 8.17645 85.234 
6.678099 7-83493 85.234 





Mean, 85.235, + .0027 


In the four last experiments of the preceding series, the silver bromide 
formed was weighed. The third column gives the TiBr, proportional to 
100 parts of AgBr. 


Tt Big. Ag Br. Ratio. 
3.120848 6.375391 48.951 
4.731118 9.663901 48.957 
6.969075 14.227716 48.982 
6.678099 3.639956 48.959 





Mean, 48.962, + ,0049 


For the third ratio the bromide was decomposed by water; and after 
evaporation with ammonia the residual titanic oxide was ignited and 


weighed : 
: LOBT,. T7403. Kericents, 110. 
6.969730 1.518722 21.790 
8.836783 1.923609 21.768 
9.096309 1.979513 21.762 





Mean, 21.773, - .0062 


Ienoring Mosander’s work as unavailable, we have the following ratios 
to consider: 
@.)) 4Ag : DiGl:: 100): 44.017, 2= 003% 
(22), 4AgCl iG: 100%) 33.1235 = 0019 
(3.) 4AgCl : ae :: 100: 13.980, + .0303 
GG) Riel a TiOr 2: 100 242 n7 1, == .0022 
(5.) 4Ag : TiBr,: : 100 : 85.235, + -0027 
(6.) 4AgBr: TiBr,:: 100 : 48.962, + .0049 
(7.) TiBr, : TiO, 2: 100 : 21.773, a= .0062 





* Journ. Chem. Soc., Feb., 1885, p. 108, and March, p. 129. 
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These are to be computed with— 


O = 15.879, + .0003 Br = 79.344, + .0062 
Ag = 107.108, + .0031 AgCl = 142,287, + .0037 
Cl = 35.179, + .0048 AgBr = 186,454, - .0054 


t 


For the molecular weight of titanium chloride they give two values: 








EOS (GL) Mersisrsee afeia a ras eats o's TiCl, = 188.583, + .0144 
ESTO (2) rises dase ie ere Sak Sein oe [SSS Oa ROLL 
Generaliméan)..3........ Ti€l, = 188.545, a= -0092 

For TiBr, we have— 
POTS ER REE Tee aceite: TiBr, = 365.174, -- .0157 
TOG (0) nerolonc ete te etece eer © : ("== 3054163) 20260 
Generalemecangeener ora. TiBr, = 365.172, == 0145 


And for the atomic weight of titanium five values are calculable, as 
follows: 


From molecular weight of TiC]l,...... Ti = 47.820, + .0213 
From molecular weight of TiBr,...... “* — 47.796, + .0260 
ENE ORIN (C3) ara one, ohn Rieko oes «Blok ts Hs ta) sroc eects Sf == Az e000, == 725 
Eom (4)|E eye ele aerate cab atnas arise ass ‘C= 47,098, == -0208 
SEONTINI (7) eae ceper tase eh cps ucts shee ote eco sa o's A] 30a O1 OT, 

Generalimeanaremaneerindecis < -- Ti = 47.786, + .0138 


If O = 16, this becomes Ti = 48.150. 


GERMANIUM. 


The data relative to the atomic weight of germanium are rather scanty, 
and are due entirely to the discoverer of the element, Winkler.* The 
pure tetrachloride was decomposed by sodium carbonate, mixed with a 
known excess of standard silver solution, and then titrated back with 
ammonium sulphocyanate. The data given are as follows: 


GeCci,. Cl Found. ECHACEIUMGLs 
. 1067 .O76112 66.177 
.1258 .083212 66.146 
.2223 .147136 66,188 
. 2904 . 192190 66,182 





Mean, 66.173 


ifence, with Ch—= 35.179, Ge=— 71.9338: Tf OQ =16,'Ge= 72.481. 





* Journ. fiir Prakt. Chem. (2), 34, 177. 1886. 


196 THE ATOMIC WEIGHTS. 


ZIRCONIUM. 


The atomic weight of zirconium has been determined by Berzelius, 
Hermann, Marignac, Weibull, and Bailey. Berzelius* ignited the 
neutral sulphate, and thus ascertained the ratio in it between the ZrO, 
and the SO. Putting SO, at 100, he gives the following proportional 
quantities of ZrO, : 

75-84 
75-92 
75.80 
75-74 
75-97 
75.85 


Mean, 75.853, - .023 





This gives 43.134, + .0142 as the percentage of zirconia in the sulphate. 

Hermann’sf estimate of the atomic weight of zirconium was based 
upon analyses of the chloride, concerning which he gives no details nor 
weighings. From sublimed zirconium chloride he finds Zr = 831.8, 
when O = 100; and from two lots of the basic chloride 2ZrOCl,.9H,O, 
Zr = 835.65 and 851.40 respectively. The mean of all three is 839.62, 
whence, with modern formule and O = 15.879, Zr becomes = 88.882. 

Marignac’s results { were obtained by analyzing the double fluoride of 
zirconium and potassium. His weights are as follows: 


1,000 grm, gave .431 grm, ZrO, and .613 grm. K,SO,. 


2.000 6 .864. os e232 os 
.654 «6 .282 “ -399 cc 
5.000 See O9 ee 3.078 ‘ 


These figures give us three ratios. A, the ZrO, from 100 parts of salt; 
B, the K,SO, from 100 parts of salt; and C, the ZrO, proportional to 100 
parts of K,SO,: 


A. B. G3 
43.100 61.300 70.310 
43.200 61.600 70,130 
43-119 61.000 70.677 
43.380 61.560 70.468 











Mean, 43.200, + .043 Mean, 61.365,-+.094 Mean, 70,396, + 079. 


Weibull,§ following Berzelius, ignited the sulphate, and also made a 





* Poggend. Annal., 4,126. 1825. 

+ Journ. fir Prakt. Chem., 31, 77. Berz. Jahresb., 25, 147. 

t Ann. Chim. Phys. (3), 60, 270. 1860. 

? Lund, Arsskrift, v. 18. 1881-’82. ° 
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similar set of experiments with the selenate of zirconium, obtaining re- 
sults as follows: 
Sulphate. Zr(SO,)>: 


1.5499 grm. salt gave .6684 ZrO,. 43.126 per cent. 
1.5445 i. 6665 “ 43-153,“ 
2.1683 as .9360 “ A25L05 a 
1.0840 as .4670 “* 42 OS aes 
-7913 i 3422 43-320 ie 
.6251 ““c 2695 “ 43.113 a3 
-4704 a 3202) aaa aia Corayy OC 





Mean, 43.150, + .0207 


Selenate. Zr(SeO,),- 


1.0212 grm, salt gave .3323 ZrO,,. 32.540 per cent, 
8418 i 2p Aa 325597) aa 
.6035 ‘i 1964“ 3225449 
.8793 es 2 oO Olas 22:640) 
3089 os ~LOOZ NS Se evilyfo) OF 





Mean, 32.558, + .o192 


Bailey * also ignited the sulphate, after careful investigation of his 
material, and of the conditions needful to ensure success. He found that 
the salt was perfectly stable at 400°, while every trace of free sulphuric 
acid was expelled at 350°. The chief difficulty in the process arises from 
the fact that the zirconia produced by the ignition is very light, and 
easily carried off mechanically, so that the percentage found is likely to 
be too low. This difficulty was avoided by the use of a double crucible, 
the outer one retaining particles of zirconia which otherwise might be 
lost. The results, corrected for buoyancy of the air, are as follows: — 


2.02357 salt gave .87785 ZrO,. 43.381 per cent. 
2.6185 i Te Aes As .3 000 
2.27709“ -98713 “ 43-350“ 
2.21645 “ BOOS 2m AZ 33985 ae 
1.75358 se OLOTs <: 43-4020 
1.64065 se a7ae2 One A330) an 
DEBBONG ss TLOLIA3) ABs {oni TE 
1.81105  “ 78485“ A32337 ule 





Mean, 43.372, - .0056 


This, combined with previous determinations, gives— 


IS CLZE MU SIM RIMeRN hernia fe toe © Lie eee Oe 43.134, + .0142 
Weil lle seer A ites ia ryiis ier aapssa isis, doe cua eee eee 43.150, + .0207 
IB ale Y creer Noe aes o ce Srdtoh td = he syne; eee 43.372, -— .0056 

Generalimeaninnene ne eneeern rie 43.317, + .0051 





* Proc. Roy. Soc., 46, 74. Chem. News, 60, 32. 
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For computing the atomic weight of zirconium we now have the sub- 
joined ratios: 
(1.) Percentage ZrO, in Zr(SO,),, 43.317, - .0051 


(2.) Percentage ZrO, in Zr(SeO,),, 32.558, + .o192 
(3.) Percentage ZrO, from K,ZrF,, 43.200, + .043 
(4.) Percentage K,SO, from K,ZrF,, 61.365, + .094 


(5.) K,SO,: ZrO, : : 100 : 70,396, + .079 


The antecedent atomic weights are— 


O =15.879, + .0003 K = 38.817, + .0051 
S = 31.828, + .oo15 F = 18,912, + .0029 
Se = 78.419, + .0042 


With these data we first get three values for the molecular weight of 
zirconia : 





Bron (()./3.h > Oe ee ees, ZrO, = 121.454, + .0182 
HOM a (2) esos. Sebo eee [= 12i 7084-20708 
Bram ((5)), orstetars eae eer yeere = 121-770) == .1370 

Generalpmean ts ere ZrO, = 121.471, -+ .0176 


Finally, there are three independent estimates for the atomic weight 
of zirconium : 


O17. 


From molecular weight ZrO,.......... Zu — SQ. 7g 

iBrompratioy (3) bere ceeee entre “* — 89.437, — .2390 

HKOMprAtlon (4) eet vanoemiceie eee ae “< = 90.778, += .4326 
Generalemeanie sete eee Zr = 89.716, + .0175 


IhO— 16, Zr — 90400: 
Here the first value alone carries appreciable weight. 
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The atomic weight of tin has been determined by means of the oxide, 
the chloride, the bromide, the sulphide, and the stannichlorides of potas- 
sium and ammonium. 

The composition of stannic oxide has been fixed in two ways: by 
synthesis from the metal and by reduction in hydrogen. For the first 
method we may consider the work of Berzelius, Mulder and Vlaanderen, 
Dumas, Van der Plaats, and Bongartz and Classen. 

Berzelius * oxidized 100 parts of tin by nitric acid, and found that 
127.2 parts of SnO, were formed. 

The work done by Mulder and Vlaanderen + was done in connection 
with a long investigation into the composition of Banca tin, which was 
found to be almost absolutely pure. For the atomic weight determina- 
tions, however, really pure tin was taken prepared from pure tin oxide. 
This metal was oxidized, by nitric acid, with the following results. 100 


parts of tin gave of SnO,: 
127.56— Mulder. 
127.56—Vlaanderen. 
127.43— Vlaanderen. 


Mean, 127.517, + .029 





Dumas { oxidized pure tin by nitric acid in a flask of glass. The re- 
sulting SnO, was strongly ignited, first in the flask and afterwards in 
platinum. His weighings, reduced to the foregoing standard, give for 
dioxide from 100 parts of tin the amounts stated in the third column: 


12.443 grm, Sn gave 15.820 grm. SnO,,. 127.14 
15.976 a 20, 301 “S 127.07 





Mean, 127.105, + .024 


In an investigation later than that previously cited, Vlaanderen § 
found that. when tin was oxidized in glass or porcelain vessels, and the 
resulting oxide ignited in them, traces of nitric acid were retained. 
When, on the other hand, the oxide was strongly heated in platinum, 
the latter was perceptibly attacked, so much so as to render the results 
uncertain. He therefore, in order to fix the atomic weight of tin, reduced 
the oxide by heating it ina porcelain boat in astream of hydrogen. Two 
experiments gave Sn = 118.08, and Sn = 118.24. These, when O = 16, 
become, if reduced to the above common standard, 


* Poggend. Annal., 8, 177. 

+ Journ. fiir Prakt. Chem., 49, 35. 1849. 
t Ann. Chem. Pharm., 113, 26. 

2 Jahresbericht, 1858, 183. 
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127.100 
127.064 





Mean,127.082, + .o12 


Van der Plaats* prepared pure stannic oxide from East Indian tin 
(Banca), and upon the material obtained made two series of experiments ; 
one by reduction and one by oxidation. The results, with vacuum 
weights, are as follows, the ratio between Sn and SnO, appearing in the 


third column: 
Oxidation Series. 


9.6756 grm. tin gave 12.2967 SnO,,. 127.091 
12.7356 16.1885 ‘' 127.114 
3.4211 as Z2ONTOO7 as 127.093 


Reduction Series. 


5-5015 grm, SnO, gave 4.3280 tin, 127.114 
4.9760 ie ZO) OL Ke 7 alka] 
3.8225 ss O07 See 127.086 
2.9935 . 2.3553 “ E 127,096 





Mean of both series as one, 127,102, + .0033 


The reductions were effected in a porcelain crucible. 

Bongartz and Classen purified tin by electrolysis, and oxidized the 
electrolytic metal by means of nitric acid. The oxide found was dried 
over a water-bath, then heated over a weak flame, and finally ignited for 
several hours in a gas-muffle. Some reduction experiments gave values 
which were too low. The oxidation series was as follows, with the usual 
ratio added by me in a third column: 


Sn. S20). Ratio. 
2.5673 3.2570 126.865 
3.8414 4.8729 126,852 
7.3321 9.2994 126.831 
5-4367 6.8962 126.845 
Teagan 9.2994 126.831 
9.8306 12.4785 126.935 

11,2424 14.2665 126,896 
5.5719 7.0085 126.860 
9.8252 12.4713 126.932 
4.3959 5.5795 126.925 
6.3400 8.0440 126.877 





Mean, 126.877, + .0080 


We now haye six series of experiments showing the amount of SnO, 
formed from 100 parts of tin. To Berzelius’ single determination may be 
assigned the weight of one experiment in Mulder and Vlaanderen’s 
series : 





* Compt. Rend., 100, 52. 1885. 
+ Berichte Deutsch. Chem. Gesell., 21, 2900. 1888. 
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BELZEMIS eerie aero aS soot sla vnniats Rises eee 127.200, + .041 
IMulderand) Vilaanderens.)..55...ene ose ee 127.517, + .029 
MS) WIM AS peepee oe stccateie ect i aieha cies clearer 127.105, + .024 
Wilaaiid Chenu epee ior rare tS. sfae SE ee foe 127.082, + .O12 
WanasdermelaatSrarenhycy sc. spa uiey eraccatelen ioe 127.102, + .0033 
BoneartzandsClassenmes. ses) cere 126,877, + .0080 
Generalameany se sy eye siccic eee ers 127.076, + .0026 


Dumas, in the paper previously quoted, also gives the results of some 
experiments with stannic chloride, SnCl,. This was titrated with a solu- 
tion containing a known weight of silver. From the weighings given, 
100 parts of silver correspond to the quantities of SnCl, named in the 


third column: 
1.839 grm. SnCl, = 3.054 grm. Ag. 60.216 
2.665 ss 4.427 a 60.199 





Mean, 60,207, + .006 


Tin tetrabromide and the stannichlorides of potassium and ammonium 
were all studied by Bongartz and Classen; who, in each compound, 
carefully purified, determined the tin electrolytically. The data given 
are as follows, the percentage columns being added by myself: 


Tin Tetrabromide. 


Sn br, Taken. Sn Found. Per cent. Sn. 
8.5781 253270 Qala 
9.5850 2.6000 27.126 
9.9889 2.7115 27.145 

10.4914 2.8445 27113 
16.8620 4.5735 27.123 
16.6752 4.5236 27.119 
11.1086 3.0125 27.116 
10.6356 2.8840 Zale 
11,0871 3.0060 27, 123 
19.5167 5-2935 27.128 





Mean, 27.123, + .0020 


Potassium Stannichloride. 


EES IGT es Sn Found. Per cent. Sn. 
2.5718 -7472 29.054 
2.2464 .6524 29.042 
9.3353 2.7100 29.030 

12.1525 3.5285 29.035 
12.4223 3.6070 29.036 
15.0870 4.3812 29.040 
10.4465 3.0330 29.034 
18.9377 5.5029 29.058 
18.4743 5.3630 29.029 
17.6432 5.1244 29.045 





Mean, 29.040, + .0021 
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Ammonium Stannichloride. 


Am,Sn Cl, Sn Found. Per cent, Sn. 
1.6448 5328 32.393 
1.8984 -O141 32.347 
2.0445 .6620 32.381 
2.0054 .6690 32.391 
2.0058 .64.96 32.386 
2.4389 -7895 32.371 
4.0970 1.3254 32-35! 
3.4202 1.1078 32.390 
3.6588 1.1836 32.349 
1.5784 .5108 325362 
7.3248 2.3710 32.370 

13.1460 4.2528 32.351 
11.9483 3.8650 32.348 
18.4747 5-9788 32.362 
18.6635 6.0415 BQ. 3715 
17.8894 5.7923 32.378 





Mean, 32.369, + .0088 


One other method of determination for the atomic weight of tin was 
employed by Bongartz and Classen. Electrolytic tin was converted into 
sulphide, and the sulphur so taken up was oxidized by means of hydrogen 
peroxide, by Classen’s method, and weighed as barium sulphate. The 
results, as given by the authors, are subjoined : 


Sn Taken. Per cent. of S Gained. 

2.6285 53-91 

-7495 53-87 

1.4785 53.94 
2.5690 53-94 
2.1765 53.85 

1.3245 53.88 

.9897 53.83 
2.7160 53.86 





Mean, 53.885, + .0098 


This percentage of sulphur, however, was computed from weighings 
of barium sulphate. What values were assigned to the atomic weights 
of barium and sulphur is not stated, but as Meyer and Seubert’s figures 
are used for other elements throughout this paper, we may assume that 
they apply here also. Putting O =15.96,5=— 31.98, and Ba = 1386.86, 
the 53.885 per cent. of sulphur becomes 392.056, + .0718 of BaSO,, the 
compound actually weighed. This gives us the ratio— 


Sn : 2BaSO, : : 100 : 392.056, + .0713 


as the real result of the experiments, from which, with the later values 
for Ba, S, and O, the atomic weight of tin may be calculated. 


TIN. 2038 


We now have, for tin, the following available ratios : 


(E)eSaicSn@; +2 £00: 127.076,- 0026 

(2.) 4Ag: SnCl,: : 100 : 60,207, + .0060 

(3.) Percentage of tin in SnBr,, 27.123, + .0020 
(4.) Percentage of tin in K,SnCl,, 29.040, + .0021. 
(5.) Percentage of tin in Am,SnCl,, 32.369, + .0088 


(6.) Sn : 2BaSO, : : 100 : 392.056, + .0713 


The antecedent values are— 


ORR i5 737.5, = 0008 Ke 385s 7S OOF 
Ag = 107.108, + .0031 INP 19392855 —=).0021 
Cle 3500.0 OO4S S) =] gies) a= Cons 
Br = 79.344, += .0062 Ba = 136.392, + .0086 


With these, six independent values for Sn are computable, as follows : 


BOM (0) Eo sey-ta erste exert cae Mer sei ciels arabs Sn Ei 7e2020— =). ONS 
BOTAN (2) ver Senet eavehae sists clays aches (pee On O2 8 iE 
BIEO TING (3) Scar sbercivewoarcueneistaee! o stehiyet 6 ere on i2On Oa 
ESrOnME (Ae peeuneetey Monette tet cueiaiees) sco. 3) 5 5) CULO WS Shes 
Hiromi (5)) scree eis enon Oe ptosis: _‘* = 118.190, + .0382 
Brom (Grete creed cies sats se 8's sss 3  — 718.216, + .0220 

Generalemeanereer eee eee Sn = 117.805, + .0069 


O16, Sn — 118.701. 

If we reject the first two of these values, which include all of the older 
work, and take only the last four, which represent the concordant results 
of Bongartz and Classen, the general mean becomes— 


Sn = 118,150, + .0089 


Or, with O = 16, Sn = 119.050. This mean I regard as having higher 
probability than the other. 

A single determination of the atomic weight of tin, made by Schmidt,* 
ought not to be overlooked, although it was only incidental to his research 
upon tin sulphide. In one experiment, 0.5243 grm. Sn gave 0.6659 SnO,,. 
Hence, with O = 16, Sn = 118.49. This lies about midway between the 
two sets of values already computed. 





* Berichte, 27, 2743. 1894. 
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THORIUM. 


The atomic weight of thorium has been determined from analyses of 
the sulphate, oxalate, formate, and acetate, with widely varying results. 
The earliest figures are due to Berzelius,* who worked with the sulphate, 
and with the double sulphate of potassium and thorium. The thoria 
was precipitated by ammonia, and the sulphuric acid was estimated as 
BaSO,. The sulphate gave the following ratios in two experiments. The 
third column represents the weight of ThO, proportional to 100 parts of 
BaSO,: 

-6754 grm. ThO, = 1.159 grm. BaSO,. Ratio, 58.274 
1.0515 . 1,832 7 2572390 


The double potassium sulphate gave .265 grm. ThO,, .156 grm. SO,, 
and .3435 K,SO,. The SO,, with the Berzelian atomic weights, repre- 
sents .4537 grm. BaSO,. Hence 100 BaSO, is equivalent to 58.408 ThO,. 
This figure, combined with the two previous values for the same ratio, 
gives a mean of 58.026, + .214. 

From the ratio between the K,SO, and the ThO, in the double sul- 
phate, ThO, = 266.895. 

In 1861 new determinations were published by Chydenius,} whose 
memoir is accessible to me only in an abstract{ which gives results with- 
out details. Thoria is regarded as a monoxide, ThO, and the old equiv- 
alents (O = 8) are used. The following values are assigned for the 
molecular weight of ThO, as found from analyses of several salts : 


From Sulphate. From K. Th. Sulphate. 
66:33 0-7 67.02 
67.13 
67.75 
68.03 


Mean, 67.252, + .201 





From Acetate. from Formate. From Oxalate. 
67.31 68.06 65.87 ) Two results 
66.59 67.89 65.95 f by Berlin, 
67.27 68.94 65.75 
67.06 65.13 
68.40 Mean, 68.297, + .219 66 54 
65.85 





Mean, 67.326, + .201 = 
Mean, 65.85, + .123 








* Poggend. Annal., 16, 398. 1829. Lehrbuch, 3, 1224. 

+ Kemisk undersékning af Thorjord och Thorsalter. Helsingfors, 1861. An academic disser- 
tation. 

t Poggend. Annal., 119, 55. 1863. 
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We may fairly assume that these figures were calculated with O = 8, 
C=6,andS=16. Correcting by the values for these elements which 
have been found in previous chapters, ThO, becomes as follows: 





Bromypsulphatemner ris le oe etaiaeroe «os @hO; 267-1705 7950 
Hrompacetateamuecrayciaists sisvs sivo.0 ‘= 267.488, - .7950 
HY OmMmlOnmdaterpe sepsis) stetens.c 4) ec es ‘¢ == 271.230, + .8698 
From oxalate ..0.... EE Neat ta “¢ = 261.478, + .4884 

Generalimeant meee nest ThO, = 265.103, + .3394 


The single result from the double potassium sulphate is included with 
the column from the ordinary sulphate, and the influence of the atomic 
weight of potassium is ignored. 

Chydenius was soon followed by Mare Delafontaine, whose researches 
appeared in 1863.* This chemist especially studied thorium sulphate ; 
partly in its most hydrous form, partly as thrown down by boiling. In 
Th(SO,),.9H,O, the following percentages of ThO, were found: 


45.08 
44.90 
45.06 
45.21 
45.06 





Mean, 45.062, + .0332 


The lower hydrate, 2Th(SO,),.9H,O, was more thoroughly investi- 
gated. The thoria was estimated in two ways: First (A), by precipita- 
tion as oxalate and subsequent ignition; second (B), by direct calcination. 
These percentages of ThO, were found : 

52.83 | 

52.52 | 

52.72 
52.13 J 
52.47 | 
52.49 
52.53 
52.13 
52.13 
52.43 
52.60 
52.40 
52.96 
52.82 | 


| 
LB. 
| 








Mean, 52.511, + .047 


In three experiments with this lower hydrate the sulphuric acid was 


also estimated, being thrown down as barium sulphate after removal of 
the thoria: 


* Arch. Sci. Phys. et Nat. (2), 18, 343. 
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1.2425 grm, gave .400 SO,. (1.1656 grm. BaSO,.) 
1.138 * sa{aer (1.0665 s§ ) 
-734 “c . 2300 iz ( .6720 “cc ye 


The figures in parentheses are reproduced by myself from Delafon- 
taine’s results, he having calculated his analyses with O = 100,S = 200, 
and Ba = 857. These data may be reduced to a common standard, so 
as to represent the quantity of 2Th(SO,),.9H,O, equivalent to 100 parts 
of BaSO,. We then have the following results : 

106.597 


106.704 
109.226 





Mean, 107.509, + .585 


Delafontaine was soon followed by Hermann,* who published a single 
analysis of the lower hydrated sulphate, as follows: 





HOG raya athe teee sseoteeias | shes dee 52.87 
SOR ea pellets sete polatelecgay sis seks) a1 ofae-ouscovel ers Bola 
EL Oye atreveneter spot siene uncnopomtokeee ister 515 15.02 

100,00 


Hence, from the ratio between SO, and ThO,, ThO, = 262.286. Prob- 
ably the SO, percentage was loss upon calcination. 

Both Hermann’s results and those of Delafontaine are affected by one 
serious doubt, namely, as to the true composition of the lower hydrated 
sulphate. The latest and best evidence seems to establish the fact that 
it contains four molecules of water instead of four and a half,f a fact 
which tends to lower the resulting atomic weight of thorium consid- 
erably. In the final discussion of these data, therefore, the formula 
Th(SO,),.4H,O will be adopted. As for Hermann’s single analysis, his 
percentage of ThO,, 52.87, may be included in one series with Delafon- 
taine’s, giving a mean of 52.535, + .0473. 

The next determinations to consider are those of Cleve,t whose results, 
obtained from both the sulphate and the oxalate of thorium, agree ad- 
mirably. The anhydrous sulphate, calcined, gave the subjoined per- 
centages of thoria: 

62.442 
62.477 
62.430 
62.470 
62.357 
62.366 





Mean, 62.423, + .O14 








* Journ. fiir Prakt. Chem., 93, 114. 
+See Hillebrand, Bull. 90, U. S. Geol. Survey, p. 29. 
{ K. Svenska Vet. Akad. Handling., Bd. 2, No. 6, 1874. 
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The oxalate was subjected to a combustion analysis, whereby both 
thoria and carbonic acid could be estimated. From the direct percentages 
of these constituents no accurate value can be deduced, there haying 
undoubtedly been moisture in the material studied. From the ratio 
between CO, and ThO,, however, good results are attainable. This ratio 
I put in a fourth column, making the thoria proportional to 100 parts of 
carbon dioxide: 


Oxalate. ThO,. CO Ratio. 
1.7135 grm. 1.0189 grm, .6736 grm. 151,262 
1.3500) “ 8210 “* aylgiey GG I51.114 
Tee 5O wes 7 OBO es AOS OMe 151.183 
FeO755)) SS .6398 ‘<‘ 34240) ))** 150.896 





Mean, I51.114, + .053 


In 1882, Nilson’s determinations appeared.* This chemist studied 
both the anhydrous sulphate, and the salt with nine molecules of water, 
using the usual calcination method, but guarding especially against the 
hygroscopic character of the dry Th (SO,), and the calcined ThO,. The 
hydrated sulphate gave results as follows: 





Th(SO,)..9H,0. ThO,. Fer Cent tho, 
2.0549 .9267 45.097 
2.1323 .9615 45.092 
3.0017 1.3532 45.081 
2.7137 1.2235 45.086 
2.6280 1.1849 45.088 
1.9479 -8785 45.099 
Mean, 45.091, + .0O19 
Delafontaine found, 45.062, + .0332 
General mean, 45.090, + .0019 
The anhydrous sulphate gave data as follows: 
Th(SO,),- ThO,. Per cent. ThO,. 
1.4467 .9013 62.300 
1.6970 1.0572 62.298 
2.0896 1.3017 62.294 
1.5710 .9787 62.298 





Mean, 62.297, + .0009 


/ 


The last four determinations appear again in a paper published five 
years later by Kriiss and Nilson,f who, however, give four more made 





* Ber. Deutsch. Chem. Gesell., 15, 2519. 1882. 
+ Ber. Deutsch. Chem. Gesell., 20, 1665. 1887. 
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upon material obtained from a different source. The new data are sub- 





joined ; 
DPACSOD) sr ThO,. THAR A Ny TROLS 
I, 1630 -7245 62.296 
.8607 5362 62.298 
1.5417 .9605 62.301 
1.5217 -9479 62.292 
Mean, 62.297, - .0013 
Nilson’s series, 62.297, -- .0009 
Cleve found, 62.423, + .o140 
General mean, 62.298, + .0007 


From Chydenius’ work we have four values for the molecular weight 
of thoria, which, combined as usual, give a general mean of ThO, = 
265.103, + .3594. We also have the following ratios: 


2BaSO, : ThO, : : 100 : 58.026, + .214 

2BaSO, : Th(SO,)..4H,O : : 100 : 107.509, + .585 
4CO, : ThO, : : 100: 151.114, + .053 

Percentage of ThO, in Th(SO,),.9H,O, 45.090, + .0019 
Percentage of ThO, in Th(SO,),.4H,O, 52.535, + .0473 
Percentage of ThO, in Th(SO,),.62.298, + .0007 


Reducing with the following data, seven values for the atomic weight 
of thoria are calculable : 


O = 15.879, + .0003 € = 11.920, == .0004 
S = 31.828, + .0015 Ba = 136.392, + .0086 
The values for ThO, are— 

Chydenius’ determinations......, ThO, = 265.103, + .3394 
Bromy(G)) se. Gehan ae Sane ‘== 268.937, + .9919 
Brom) ase kee See ee ge 208.0212 nS 
From (Bie teat nee Sareea S204 2 Oe ONL 
Brom (2) st. ae ee ns ee “== 262.641, + .0149 
Bromie(G) oats tote eee 2) = 255.061, 4=" 3420 
Brom "(O)e Aes earth ce wees ee eee “= 262.613, + .oo81 
General mean, (29 <0 5-15: ThO, = 262.626, + .0071 


Hence Th = 230.868, + .0071. 
ff O = 16; Th 232 :626; 
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PHOSPHORUS. 


The material from which we are to calculate the atomic weight of 
phosphorus is by no means abundant. Berzelius, in his Lehrbuch,* 
adduces only his own experiments upon the precipitation of gold by 
phosphorus, and ignores all the earlier work relating to the composition 
of the phosphates. These experiments have been considered with refer- 
ence to gold. 

Pelouze,f in a single titration of phosphorus trichloride with a stand- 
ard solution of silver, obtained a wholly erroneous result; and Jacque- 
lain, { in his similar experiments, did even worse. Schrotter’s criticism 
upon Jacquelain sufficiently disposes of the latter. § 

Only the determinations made by Schrotter, Dumas, and Van der 
Plaats remain to be considered. 

Schrotter || burned pure amorphous phosphorus in dry oxygen, and 
weighed the pentoxide thus formed. One gramme of P yielded P,O, in 


the following proportions : 

.28909 
.28783 
.29 300 
.28831 
. 29040 
.28788 
.28848 
.28856 
.28959 
.28872 


tb N NN 


wb NN NK NH N 


Mean, 2.289186, + .00033 


Dumas §] prepared pure phosphorus trichloride by the action of dry 
chlorine upon red phosphorus. The portion used in his experiments 
boiled between 76° and 78°. This was titrated with a standard solution 
of silver in the usual manner. Dumas publishes weights, from which I 
calculate the figures given in the third column, representing the quantity 
of trichloride proportional to 100 parts of silver : 


1.787 grm. PC], = 4.208 grm, Ag. 42.4667 
1.466 5 Ae a 42.4435 
2.056 es 4.844 ‘ 42.4443 
2.925 se 6.890 ‘<< 42.4528 


3.220 as 75S 26 es 42.4690 





Mean, 42.4553, + .0036 





* sth ed., 1188. 

+ Compt. Rend., 20, 1047. 

t Compt. Rend., 33, 693. 

2 Journ. fir Prakt. Chem., 57, 315. 

| Journ. fir Prakt. Chem., 53, 435. 18st. 
§ Ann. Chem. Pharm., 113, 29. 1860. 
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By Van der Plaats* three methods of determination were adopted, 
and all weights were reduced to vacuum standards. First, silver was 
precipitated from a solution of the sulphate by means of phosphorus. 
The latter had been twice distilled in a current of nitrogen. The silver, 
before weighing, was heated to redness. The phosphorus equivalent to 
100 parts of silver is given in the third column. 
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.9096 grm. P gave 15.8865 Ag. 5.7256 
5832 se VONLOZ20 5.7389 





Mean, 5.7322, + .0045 


The second method consisted in the analysis of silver phosphate ; but 
the process is not given. Van der Plaats states that it is difficult to be 
sure of the purity of this salt. 


6.6300 grm. Ag,PO, gave 5.1250 Ag. . 77.300 per cent. 
12.7170 3 9.8335 “ 71-320“ 





Mean, 77.313, - .0088 


In the third set of determinations, yellow phosphorus was oxidized by 
oxygen at reduced pressure, and the resulting P,O, was weighed. 
10.8230 grm. P gave 24.7925 P,O;. Ratio, 2.29072 
7.7624 rs D7 OUSi ie 2202010 


As these figures fall within the range of Schrotter’s, they may be aver- 
aged in with his series, the entire set of twelve determinations giving 
a mean of 2.28955, + .00032. 

From the following ratios an equal number of values for P may now 
be computed : 


(i) 2 BeHE Once) 1,0)8232805)54 1.00032 
(2.) 3Ag: PEI, :: 100: 42.4553) += .0036 
(Bas Alo Peron 5a 7/8 22h == OOS 

(4.) Ag,PO, : 3Ag :: 100: 77.313, + .0088 


Starting with O = 15.879, + .0003, Ag = 107.108, + .0031, and Cl = 
35.179, + .0048, we have— 


Bonny) oho hy te he cae ae ho pena een P= 301784" 


+ .0077 

BVOme (Ze wate ks senacaseme pe ete *¢ — 30.882, + .0189 
pO (3 \yctavare we esaresvarenekclewsunietete ere stays) oles = “= 30.608, += .0241 
roman (ao) itererctete im cene ted eae or SONA ROB SZ 
General, means... fant eee. P = 30.789, + .0067 


TiO) == 16 eral 24e 

The highest of these figures is that from ratio number two, represent- 
ing the work of Dumas. This is possibly due to the presence of oxy- 
chloride, in traces, in the trichloride taken. Such an impurity, if present, 
would tend to raise the apparent atomic weight of phosphorus. 








* Compt. Rend., 100, 52. 1885. 
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VANADIUM. 


Roscoe’s determination of the atomic weight of vanadium was the first 
to have any scientific value. The results obtained by Berzelius* and by 
Czudnowicz + were unquestionably too high, the error being probably 
due to the presence of phosphoric acid in the vanadic acid employed. 
This particular impurity, as Roscoe has shown, prevents the complete 
reduction of V,O; to V,O, by means of hydrogen. All vanadium ores 
contain small quantities of phosphorus, which can only be detected with 
ammonium molybdate—a reaction unknown in Berzelius’ time. Fur- 
thermore, the complete purification of vanadic acid from all traces of 
phosphoric acid is a matter of great difficulty, and probably never was 
accomplished until Roscoe undertook his researches. 

In his determination of the atomic weight, Roscoe ¢ studied two com- 
pounds of vanadium, namely, the pentoxide, V,O,, and the oxychloride, 
VOCI,. The pentoxide, absolutely pure, was reduced to V,O, by heating 
in hydrogen, with the following results: 


7.7397 grm, V.O; gave 6.3827 grm. V,O,. 17.533 per cent. of loss. 
6.5819 us 5.4296 6 17.507 cs 
5.1895 - 4.2819 17.489 e 
5.0450 a 4.1614 uo 17.515 in 


5.4296 grm, VO, reoxidized, gave 6.5814 grm. V,O;. 17.501 per cent. difference. 





Mean, 17.509, + .005 


Hence V = 50.993, - .0219. 

Upon the oxychloride, VOCI,, two series of experiments were made— 
one volumetric, the other gravimetric. In the volumetric series the com- 
pound was titrated with solutions containing known weights of silver, 
which had been purified according to the methods recommended by 
Stas. Roscoe publishes his weighings, and gives percentages deduced 
from them; his figures, reduced to a common standard, make the quan- 
tities of VOCI, given in the third column proportional to 100 parts of 
silver. He was assisted by two analysts: 


Analyst A. 


2.4322 grm. VOC], = 4.5525 grm. Ag. 53-425 
4.6840 ns 8.7505 Re 53-528 
4.2188 es 7.8807 a 53-533 
3-94.90 . 7.3799 i 53-510 
9243 os 1.7267 53-530 
1.4330 7 2.6769 ‘i 53-532 





* Poggend. Annal., 22,14. 1831. 
} Poggend. Annal., 120,17. 1863. 
t Journ. Chem. Soc., 6, pp. 320 and 344. 1868. 
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Analyst B. 


2.8530 grm. VOCI, = 5.2853 grm. Ag. 53-980 
2.1252 3-9535 . 53-755 
1.4248 va 2.6642 =a 53-479 





Mean, 53.586, - .039 


The gravimetric series, of course, fixes the ratio between VOCI, and 
AgCl. If we put the latter at 100 parts, the proportion of VOCI, is as 
given in the third column: 


Analyst A. 

1.8521 grm. VOCI, gave 4.5932 grm. AgCl, 40. 323 
.7013 eee 1.7303 “ 40.531 
.7486 fs 1.8467 # 40.537 

1.4408 a B57 OR LE 40.337 
9453 ‘i 2.3399 hi 40.399 

1.6183 a 4.0282 ‘¢ 40.174. 

Analyst B. 
2.1936 grm. VOCI, gave 5.4039 grm. AgCl. 40.391 
2.5054 a 6.2118 sf 40.333 





Mean, 40.378, + .028 


These two series give us two values for the molecular weight of VOC], : 





From volumetric series: -ice nie VOC == 072-485) Se rh ai 
rom oravin CtriciSenles see) 1/2535 Ontario 
Generalamednse re eee VOC), = 172.277, += 0866 


Hence V = 50.881, + .0877. 
Combining the two values for V, we have: 


From oVi@ Clee enews eenvneisne ee cateeae oe V = 50.881, -+ .0877 
Eromi Ni JOng i Gra tync ste ab eoneeo tee renters = 50.993, == .0219 
Ceneralanrcaniee eee V = 50.986, + .0212 


If O= 16, V = 51.876. These values are calculated with O = 15.879, 
+> 0003; Cl = 30.179; == 0043's Ag ="107.108, = 0031: "and Agel 
142.287, + .0037. 
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For the determination of the atomic weight of arsenic three compounds 
have been studied—the chloride, the trioxide, and sodium pyroarsenate. 
The bromide may also be considered, since it was analyzed by Wallace 
in order to establish the atomic weight of bromine. His series, in the 
light of more recent knowledge, may properly be inverted, and applied 
to the determination of arsenic. 

In 1826 Berzelius* heated arsenic trioxide with sulphur in such a way 
that only SO, could escape. 2.203 grammes of As,O,, thus treated, gave 
a loss of 1.069 of SO,. Hence As = 74.460. 

In 1845 Pelouze + applied his method of titration with known quan- 
tities of pure silver to the analysis of the trichloride of arsenic, AsCl,. 
Using the old Berzelian atomic weights, and putting Ag = 1349.01 and 
Cl = 443.2, he found in three experiments for As the values 987.9, 937.1, 
and 937.4. Hence 100 parts of silver balance the following quantities 


of AsC],: 
56.029 
56.009 
56.016 





Mean, 56.018, + .004 


Later, the same method was employed by Dumas,{ whose weighings, 
reduced to the foregoing standard, give the following results : 


4.298 grm, AsCl, — 7.673 grm. Ag. Ratio, 56.015 
5-535 : 9.880 i ko RO1O22 
7.660 ae 13.686 es 5 5807, 
4.680 se 8.358 c “55-993 





Mean, 56.000, -+ .008 


The two series of Pelouze and Dumas, combined, give a general mean 
of 56.014, + .0035, as the amount of AsCl, equivalent to 100 parts of 
silver. Hence As = 74.450, + .019, a value closely agreeing with that 
deduced from the single experiment of Berzelius. 

The same process of titration with silver was applied by Wallace § to 
the analysis of arsenic tribromide, AsBr,. This compound was repeatedly 
distilled to ensure purity, and was well crystallized. His weighings 
show that the quantities of bromide given in the third column are pro- 
portional to 100 parts of silver: 


8.3246 grm. AsBr, = 8.58 grm. Ag. 97.023 
4.4368 Ss 4.573, “ 97.022 
5.098 . 5-257) 96.970 





Mean, 97.005, + .o12 


* Poggend. Annalen, 8, I. 

+Compt. Rend., 20, 1047. 

ft Ann. Chim. Phys. (3), 55, 174. 1859. 
7 Phil. Mag. (4), 18, 27a. 
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Hence As = 73.668, + .0436. Why this value should be so much 
lower than that from the chloride is unexplained. 

The volumetric work done by Kessler,* for the purpose of establishing 
the atomic weights of chromium and of arsenic, is described in the 
chromium chapter. In that investigation the amount of potassium 
dichromate required to oxidize 100 parts of As,O, to As,O, was determined 
and compared with the quantity of potassium chlorate necessary to pro- 
duce the same effect. From the molecular weight of KCIO,, that of 
K,Cr,O, was then calculable. 

From the same figures, the molecular weights of KCIO, and of K,Cr,O, 
being both known, that of As,O, may be easily determined. The quan- 
tities of the other compounds proportional to 100 parts of As,O, are as 
follows : 





KG EO KC1O;. 
98.95 41.156 
98.94 41.116 
99.17 41.200 
98.98 41.255 
99.08 41.201 
99.15 41.086 

41.199 
Mean, 99.045, + .028 41.224 
41.161 
41.193 
41.149 
41.126 





Mean, 41.172, + .009 


Another series with the dichromate gave the following figures: 


99.08 
99.06 
99.10 
98.97 
98.97 





Mean, 99.036, 
Previous series, 99.045, 


O19 


== 
+ .028 


General mean, 99.039, + .o16 


Other defective series are given to illustrate the partial oxidation of 
the As,O, by the action of the air. From Kessler’s data we get two 
values for the molecular weight of As,O,, thus : 





HrompheGl@ iScriesteee tery As,O, = 196.951, + .0445 
IBN ISAO HOM SSUES 5 6G ooonso dan ‘c = 196.726, -+ .0562 
(Ceneralismean eee As,O, = 196.851, + .0349 


And Ag=— (4.6072 =. Olya. 





* Poggend Annal., 95, 204. 1855. Also 113,134. 1861. 
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The determinations made by Hibbs* are based upon an altogether 
different process from any of the preceding measurements. Sodium 
pyroarsenate was heated in gaseous hydrochloric acid, yielding sodium 
chloride. The latter was perfectly white, completely soluble in water, 
unfused, and absolutely free from arsenic. The vacuum weights are 
subjoined, with a column giving the percentage of chloride obtained 
from the pyroarsenate. 


NVa,As,0O,. Naci. Percentage. 
.02177 .01439 66. 100 
.04713 .O3115 66.094 
-05795 .03830 66.091 
.40801 . 20981 66.128 
.50466 -33345 66.092 
-77538 .51249 66.095 
.82897 -54791 66.095 

1.19124 -78731 66.092 
1.67545 1.10732 66.091 
3.22637 2.13267 66.101 





Mean, 66.098, + .0030 
Hence As = 74.340, + .0235. ’ 
In the calculation of the foregoing values for arsenic, the subjoined 
atomic weights have been assumed : 


> 


O = 15.879, + .0003 K = 38.817, += .0051 
Ag = 107.108, + .0031 Na = 22.881, + .0046 
Cl = 35.179, -— .0048 So =3 1.8265 -OOns 
‘Br = 79.344, = .0062 Cr = 51742, = 0084: 


To the single determination by Berzelius we may arbitrarily assign a 
weight equal to that of the result from Wallace’s bromide series. The 
general combination is then as follows: 


Brom Berzelius’ experiment (2. .)..-... As = 74.460, + .0436 
ROTA) et oer ee aici an! De» ‘* == 74.450, - .0190 
BS ROCAS srr ete eect rreeye eee oe nie a! Arsh eo “ — 73.668, + .0436 
Brom AS, Oy (hecSSieG)atieae tasty 3s 57/400 faa Oly 
BroumNa As Ove y aristonsclenin sti lobe te 1/4054 On 02385 

Generaliimeatiynn. wo ee 6005s, < 24 As = 74.440, + .0106 


If O = 16, As = 75.007. 





* Doctoral thesis, University of Pennsylvania, 1896. Work done under the direction of Professor 
KE. F. Smith. In the fifth experiment the weight of NaCl is printed .33045. This is evidently a 
misprint, which I have corrected by comparison with the other data. The rejection of this ex- 
periment would not affect the final result appreciably. 
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ANTIMONY. 


After some earlier, unsatisfactory determinations, Berzelius,* in 1826, 
published his final estimation of the atomic weight of antimony. He 
oxidized the metal by means of nitric acid, and found that 100 parts of 
antimony gave 124.8 of Sb,O, Hence, if O=16,Sb—129.03. The 
value 129 remained in general acceptance until 1855, when Kessler, + by 
special volumetric methods, showed that it was certainly much too high. 
Kessler’s results will be considered more fully further along, in connec- 
tion with a later paper; for present purposes a brief statement of his 
earlier; conclusions will suffice. Antimony and various compounds of 
antimony were oxidized partly by potassium dichromate and partly by 
potassium chlorate, and from the amounts of oxidizing agent required 
the atomic weight in question was deduced : 


By oxidation of Sb,O, from 100 parts of Sb..... Spi 22382) 
By oxidation of SbiwithwK GrO.a). eh ce. 2 ok OS = 1D (6)it 
By oxidation of Sb with KCIO, + K,Cr,O,..... C= 123572 
‘ By oxidation of Sb,O, with KCIO, + K,Cr,O,... ‘‘ = 123.80 
By oxidation of Sb,S, with K,Cr,O, ........... Soh BNSS 
Bysoxidationsofatartamemetice sera eer eae eee SOS INGO) 


The figures given are those calculated by Kessler himself. A recalcu- 
lation with our newer atomic weights for O, K, Cl, Cr, 8, and C would 
yield lower values. It will be seen that five of the estimates agree closely, 
while one diverges widely from the others. It will be shown hereafter 
that the concordant values are all vitiated by constant errors, and that 
the exceptional figure is after all the best. 

Shortly after the appearance of Kessler’s first paper, Schneider { pub- 
lished some results obtained by the reduction of antimony sulphide in. 
hydrogen. The material chosen was a very pure stibnite from Arnsberg, 
of which the gangue was only quartz. This was corrected for, and cor- 
rections were also applied for traces of undecomposed sulphide carried 
off mechanically by the gas stream, and for traces of sulphur retained 
by the reduced antimony. The latter sulphur was estimated as barium 
sulphate. From 3.2 to 10.6 grammes of material were taken in each ex- 
periment. The final corrected percentages of S in Sb,S, were as follows: 


28.559 


28.557 
28.501 


28.554 
28.532 


* Poggend. Annalen, 8, 1. 
+ Poggend. Annalen, 95, 215. 
{t Poggend. Annalen, 98, 293. 1856. Preliminary note in Bd. 97. 
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28.485 
28.492 
28.481 





Mean, 28.520, + .008 


Hence, if S = 32, Sb = 120.3. 

Immediately after the appearance of Schneider’s memoir, Rose* pub- 
lished the result of a single analysis of antimony trichloride, previously 
made under his supervision by Weber. This analysis, if Cl = 35.5, makes 
Sb = 120.7, a value of no great weight, but in a measure confirmatory of 
that obtained by Schneider. 

The next research upon the atomic weight of antimony was that of 
Dexter,f published in 1857. This chemist, having tried to determine 
the amount of gold precipitable by a known weight of antimony, and 
having obtained discordant results, finally resorted to the original method 
of Berzelius. Antimony, purified with extreme care, was oxidized by 
nitric acid, and the gain in weight was determined. From 1.5 to 3.3 
grammes of metal were used in each experiment. The reduction of the 
weights to a vacuum standard was neglected as being superfluous. From 
the data obtained, we get the following percentages of Sb in Sb,O,: 


79.268 
79.272 
79-255 
79.266 
79-253 
, 79/271 
79.264 
79.2600 
79.286 
79-274 
79.232 
79-395 
79-379 





Mean, 79.283, -_ .009 


ence, if © = 16, Sb = 122.46. 

The determinations of Dumas { were published in 1859. This chemist 
sought to fix the ratio between silver and antimonious chloride, and ob- 
tained results for the atomic weight of antimony quite near to those of 
Dexter. The SbCl, was prepared by the action of dry chlorine upon 
pure antimony; it was distilled several times over antimony powder, 
and it seemed to be perfectly pure. Known weights of this preparaticn 
were added to solutions of tartaric acid in water, and the silver chloride 
was precipitated without previous removal of the antimony. Here, as 





* Poggend. Annalen, 98, 455. 1856. 
t+ Poggend. Annalen, 100, 363. 1857. 
t Ann. Chim. Phys. (3), 55, 175. 
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Cooke has since shown, is a possible source of error, for under such 
circumstances the crystalline argento-antimonious tartrate may also be 
thrown down and contaminate the chloride of silver. But be that as it 
may, Dumas’ weighings, reduced to a common standard, give as propor- 
tional to 100 parts of silver, the quantities of SbCl, which are stated in 
the third of the subjoined columns : 


1.876 grm, SbC], — 2.660 grm. Ag, 70.526 
4.336 ‘S O14 o i 79.527 
5.065 By 7-175 S 70.592 
3-475 4 4.930 “ 70.487 
3-767 ss Beg 5Om wk 70.411 
5.910 ae 8.393 a 70,416 
4.828 ie 6.836 ae 70.626 





Mean, 70.512, + .021 


Hence, if Ag = 108, and Cl = 35.5, Sb = 122. 

In 1861 Kessler’s second paper * relative to the atomic weight of an- 
timony appeared. Kessler’s methods were somewhat complicated, and 
for full details the original memoirs must be consulted. A standard 
solution of potassium dichromate was prepared, containing 6.1466 
grammes to the litre. With this, solutions containing known quantities 
of antimony or of antimony compounds were titrated, the end reaction 
being adjusted with a standard solution of ferrous chloride. In some 
cases the titration was preceded by the addition of a definite weight of 
potassium chlorate, insufficient for complete oxidation ; the dichromate 
then served to finish the reaction. The object in view was to determine 
the amount of oxidizing agent, and therefore of oxygen, necessary for 
the conversion of known quantities of antimonious into antimonic com- 
pounds. 

In the later paper Kessler refers to his earlier work, and shows that 
the values then found for antimony were all too high, except in the case 
of the series made with tartar emetic. That series he merely states, and 
subsequently ignores, evidently believing it to be unworthy of further 
consideration. For the remaining series he points out the sources of 
error. These need not be rediscussed here, as the discussion would have 
no value for present purposes; suffice it to say that in the series repre- 
senting the oxidation of Sb,O, with dichromate and chlorate, the ma- 
terial used was found to be impure. Upon estimating the impurity and 
correcting for it, the earlier value of Sb — 123.80 becomes Sb = 122.36, 
according to Kessler’s calculations. 

In the paper now under consideration four series of results are given. 
The first represents experiments made upon a pure antimony trioxide 
which had been sublimed, and which consisted of shining colorless 
needles. This was dissolved, together with some potassium chlorate, in 








* Poggend. Annalen, 113, 145. 1861. 
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hydrochloric acid, and titrated with dichromate solution. Six experi- 
ments were made, but Kessler rejects the first and second as untrust- 
worthy. The data for the others are as follows: 


S6,03. KCIO;. K,Cr,O, sol. in Ce. 
1.7888 grm. PAG 27 our eee 19.2 cc, 
1.6523 ce .4506 “cc 3.9 “ 
3.2095)“ .8806 ‘ TOUS 
1.3438 “ sgiitey~y CC 10.2.4¢% 


From these figures Kessler deduces Sb = 122.16. 

These data, reduced to a common standard, give the following quanti- 
ties of oxygen needed to oxidize 100 parts of Sb,O, toSb,O,. Each cubic 
centimetre of the K,Cr,O, solution corresponds to one milligramme of O: 


10.985 
10.939 


10.951 
10.936 





Mean, 10.953, - .0075 


In the second series of experiments pure antimony was dissolved in 
hydrochloric acid with the aid of an unweighed quantity of potassium 
chlorate. The solution, containing both antimonious and antimonic 
compounds, was then reduced entirely to the antimonious condition by 
means of stannous chloride. The excess of the latter was corrected with 
a strong hydrochloric acid solution of mercuric chloride, then, after 
diluting and filtering, a weighed quantity of potassium chlorate was - 
added, and the titration with dichromate was performed as usual. Cal- 
culated as above, the percentages of oxygen given in the last column 
correspond to 100 parts of antimony: 


SO. HE GMORS K,CrO: SOL. 66. Fer cent 0: 
1.636 grm. 0.5000 grm. 18.3 13.088 
3.0825 “ 0.9500 ‘“ 30.2 13.050 
ABs Oyo es TeATOONN SS 45.5 13.098 





Mean, 13.079, + .0096 


This series gave Kessler Sb = 122.34. 

The third and fourth series of experiments were made with pure 
antimony trichloride, SbCl,, prepared by the action of mercuric chloride 
upon metallic antimony. This preparation, in the third series, was dis- 
solved in hydrochloric acid, and titrated. In one experiment solid 
K,Cr,O, in weighed amount was added before titration ; in the other two 
estimations KCIO, was taken as usual. The third column gives the 
percentages of oxygen corresponding to 100 parts of SbCI,. 


2?0 THE ATOMIC WEIGHTS. 


ECIACCTDEO)s 
1.8576 grm. SbCl, needed .5967 grm. K,Cr,O, and 33.4 cc. sol. 7.0338 
1.9118 © S3OTON er ClO> eo peor mac: 7.0321 
4.1235 ie [6300 8S leCIOn Se ecoaiion 1 ce 7.0222 





Mean, 7.0294, + .0024 


The fourth set of experiments was gravimetric. The solution of SbCl, 
mixed with tartaric acid, was first precipitated by hydrogen sulphide, 
in order to remove the antimony. The excess of H,S was corrected by 
copper sulphate, and then the chlorine was estimated as silver chloride 
in the ordinary manner. 100 parts of AgCl correspond to the amounts 


of SbCl, given in the third column. 
1.8662 grm, SbCl, gave 3.483 grm. AgCl. 53-580 
1.6832 a 3.141 ge 53-588 
2 7437 a So EES. 53-677 
2.6798 of 5.0025 ee 53-569 
5.047 x 9.411 a 53-629 
3.8975 (25 53-696 





Mean, 53.623, + .015 


The volumetric series with SbCl, gave Kessler values for Sb ranging 
from 121.16 to 121.47. The gravimetric series, on the other hand, yielded 
results from Sb = 124.12 to 124.67. This discrepancy Kessler rightly 
attributes to the presence of oxygen in the chloride; and, ingeniously 
correcting for this error, he deduces from both sets combined the value of 
Sb 227 ; 

The several mean results for antimony agree so fairly with each other, 
and with the estimates obtained by Dexter and Dumas, that we cannot 
wonder that Kessler felt satisfied of their general correctness, and of the 
inaccuracy of the figures published by Schneider. Still, the old series 
of data obtained by the titration of tartar emetic with dichromate con- 
tained no evident errors, and was not accounted for. This series,* if 
we reduce all of Kessler’s figures to a single common standard, gives a 
ratio between K,Cr,O, and C,H,KSbO,.2H,O. 100 parts of the former 
will oxidize of the latter: e 

336.04 
338.01 
336.83 
337-93 
338.59 
335-79 





Meanie337930%==)229 


From this, if K,Cr,O, = 292.271, Sb = 118.024. 
The newer atomic weights found in other chapters of this work will 





* Poggend. Annalen, 95, 217. 
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be applied to the discussion of all these series further along. It may, 
however, be properly noted at this point that the probable errors assigned 
to the percentages of oxygen in three of Kessler’s series are too low. 
These percentages are calculated from the quantities of KClO, involved 
in the several reactions, and their probable errors should be increased 
with reference to the probable error of the molecular weight of that salt. 
The necessary calculations would be more laborious than the importance 
of the figures would warrant, and accordingly, in computing the final 
general mean for antimony, Kessler’s figures will receive somewhat higher 
weight than they are legitimately entited to. 

Naturally, the concordant results of Dexter, Kessler, and Dumas led 
to the general acceptance of the value of 122 for antimony as against the 
lower figure, 120, of Schneider. Still, in 1871, Unger * published the re- 
sults of asingle analysis of Schlippe’s salt, Na,SbS8,.9H,O. This analysis 
gave Sb = 119.76, if S=32 and Na = 23, but no great weight could be 
attached to the determination. It served, nevertheless, to show that the 
controversy over the atomic weight of antimony was not finally settled. 

More than ten years after the appearance of Kessler’s second paper the 
subject of the atomic weight of antimony was again taken up, this time 
by Professor Cooke. His results appeared in the autumn of 1877} and 
were conclusive in favor of the lower value, approximately 120. For full 
details the original memoir must be consulted; only a few of the leading 
points can be cited here. 

Schneider analyzed a sulphide of antimony which was already formed. 
Cooke, reversing the method, effected the synthesis of this compound. 
Known weights of pure antimony were dissolved in hydrochloric acid 
containing a little nitricacid. In this solution weighed balls of antimony 
were boiled until the liquid became colorless ; subsequently the weight 
of metal lost by the balls was ascertained. To the solution, which now 
contained only antimonious compounds, tartaric acid was added, and 
then, with a supersaturated aqueous sulphhydrie acid, antimony trisul- 
phide was precipitated. The precipitate was collected by an ingenious 
process of reverse filtration, converted into the black modification by 
drying at 210°, and weighed. After weighing, the Sb,S, was dissolved 
in hydrochloric acid, leaving a carbonaceous residue unacted upon. 
This was carefully estimated and corrected for. About two grammes of 
antimony were taken in each experiment and thirteen syntheses were 
performed. In two of these, however, the antimony trisulphide was 
weighed only in the red modification, and the results were uncorrected 
by conversion into the black variety and estimation of the carbonaceous 
residue. In fact, every such conversion and correction was preceded by 
a weighing of the red modification of the Sb,S,. The mean result of these 
weighings, if S = 32, gave Sb = 119.994. The mean result of the cor- 





* Archiv. der Pharmacie, 197, 194. Quoted by Cooke. 
+ Proc. Amer. Acad., 5, 13. 
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rected syntheses gave Sb = 120.295. In these eleven experiments the 
following percentages of S in Sb.S, were established : 


28.57 
28.60 
28.57 
28.43 
28.42 
28.53 
28.50 
28.49 
28.58 
28.50 
28.51 





Mean, 28.5182, + .0120 


These results, confirmatory of the work of Schneider, were presented 
to the American Academy in 1876. Still, before publication, Cooke 
thought it best to repeat the work of Dumas, in order to detect the cause 
of the old discrepancy between the values Sb = 120 and Sh = 122. Ac- 
cordingly, various samples of antimony trichloride were taken, and puri- 
fied by repeated distillations. The final distillate was further subjected 
to several recrystallizations from the fused state; or, in one case, from a 
saturated solution in a bisulphide of carbon. The portions analyzed 
were dissolved in concentrated aqueous tartaric acid, and precipitated 
by silver nitrate, many precautions being observed. The silver chloride 
was collected by reverse filtration, and dried at temperatures from 110° 
to 120°. In one experiment the antimony was first removed by H,S. 
Seventeen experiments were made, giving, if Ag = 108 and Cl = 35.5, a 
mean value of Sb = 121.94. If we reduce toa common standard, Cooke’s 
analyses give. as proportional to 100 parts of AgCl, the quantities of SbCl, 
stated in the third column: i 


1.5974 grm, SbCl, gave 3.0124 grm. AgCl. 53.028 
1.2533 i 2.3620 53.001 
.8876 sf 1.6754 a 52.978 
8336 x 1 5674 53-184 
5320 sf 1.0021 ss 3.148 
.7270 ss 1.3691 es 53.101 
1.2679 “s 2.3883 nS 53.088 
1.9422 a 3.6646 8 52.999 
1.7702 us 3.3384 ut 53-025 
2.5030 peat 4.7184 as 53.048 
2.1450 a 4.0410 sf 53.081 
1.7697 e 3.3281 “ 53-175 
2.3435 S 4.4157 7 53-072 
1.3086 es 2.5813 a 53.020 
1.8638 s 3.5146 ne 53.030 
2.0300 a 3.8282 ss 53.028 
2.4450 f 4.6086 ss 53-053 





Mean, 53 0606, + .0096 
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= 


This mean may be combined with that of Kessler’s series, as follows: 


IRCSS Letom resins cocaine es. sake ». 53-023, 32.015 
COOKC er sain caves Fete aS cet ace eee 53-066, + .0096 
Gon er EMEA sed icy epaioaaetss Nexen Sy, Se (leks) 


The results thus obtained with SbCl, confirmed Dumas’ determination 
of the atomic weight of antimony as remarkably as the syntheses of Sb,S, 
had sustained the work of Schneider. Evidently, in one or the other 
series a constant error must be hidden, and much time was spent by 
Cooke in searching for it. It was eventually found that the chloride of 
antimony invariably contained traces of oxychloride, an impurity which 
tended to increase the apparent atomic weight of the metal under con- 
sideration. It was also found, in the course of the investigation, that 
hydrochloric acid solutions of antimonious compounds oxidize in the air 
during boiling as rapidly as ferrous compounds, a fact which explains 
the high values for antimony found by Kessler. 

In order to render “assurance doubly sure,” Professor Cooke also 
undertook the analysis of the bromide and the iodide of antimony. The 
bromide, SbBr,, was prepared by adding the finely powdered metal to a 
solution of bromine in carbon disulphide. It was purified by repeated 
distillation over pulverized antimony, and by several recrystallizations 
from bisulphide of carbon. The bromine determinations resemble those 
of chlorine, and gave, if Ag = 108 and Br = 80, a mean value for anti- 
mony of Sb = 120. Reduced to a common standard, the fifteen analyses 
give the subjoined quantities of SbBr, proportional to 100 parts of silver 
bromide: 


1.8621 grm, SbBr, gave 2.9216 grm. Agbr, 63.736 

.9856 ce 1.5422 oe 63.909 
1.8650 es 2.9208 as 63.721 
1.5330 ec 2.4030 se 63.795 
1.3689 & 2.1445 mt 63.833 
1.2124 ss 1.8991 “ 63 841 

EQAMs hs 1.4749 a 63.848 
2.5404 i 3-9755 ms 63.901 
1.5269 “ 2.3905 ss 63.874 
1.8604 ag 2.9180 oe 63.750 
1.7298 re 2.7083 nt 63.870 
3.2838 Ss 5.1398 aS 63.890 
2.3589 ay 3.6959 . 63.825 
1.3323 « 2.0863 = 63.859 
2.6974 ss 4.2285 os 63.791 





Mean, 63.830, + .008 


The iodide of antimony was prepared like the bromide, and analyzed 
in the same way. At first, discordant results were obtained, due to the 
presence of oxyiodide in the iodide studied. The impurity, however, 
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was removed by subliming the iodide in an atmosphere of dry carbon 
dioxide. With this purer material, seven estimations of iodine were 
made, giving, if Ag = 108 and I = 127,a value for antimony of Sb = 120. 
Reduced to a uniform standard, Cooke’s weighings give the following 
quantities of SbI, proportional to 100 parts of silver iodide: 


1.1877 grm, SbI, gave 1.6727 grm, AgI. 71,005 
.4610 ce .0497 me 70.956 
3.2527 ot 4.5716 ef 71.150 
1.8068 a 2.5389 s¢ 71.165 
1.5970 Sy 2.2456 ns Fike Gy) 
2.3201 nS 3.2645 ss 71.071 
+3496 m -4927 % 70.956 





Mean, 71.060, + .023 


Although Cooke’s work was practically conclusive, as between the rival 
values for antimony, his results were severely criticised by Kessler,* who 
evidently had read Cooke’s paper in a very careless way. On the other 
hand, Schneider published in Poggendorff’s Annalen a friendly review 
of the new determinations, which so well vindicated his own accuracy. 
In reply to Kessler, Cooke undertook still another series of experiments 
with antimony bromide,f and obtained absolute confirmation of his 
previous results. To a solution of antimony bromide was added a solu- 
tion containing a known weight of silver not quite sufficient to precipi- 
tate all the bromine. The excess of the latter was estimated by titration 
with a normal silver solution. Five analyses gave values for antimony 
ranging from 119.98 to 120.02, when Ag = 108 and Br= 80. Reduced 
to a common standard, the weights obtained gave the amounts of SbBr 
stated in the third column as proportional to 100 parts of silver: 


2.5032 grm, SbBr, — 2.2528 grm, Ag. III.115 
2.0567 as T3O5 OOM 1IT.119 
2.6512 eo 253 SOOM III.II5 
3.3053 x 250/40) eee 111.106 
2.7495 a 2.4745 ty TOTP eTsNe3 


Mean, II1.114, + .0014 





Schneider,{ also, in order to more fully answer Kessler’s objections, 
repeated his work upon the Arnsberg stibnite. This he reduced in hydro- 
gen as before, correcting scrupulously for impurities. The following 
percentages of sulphur were found : 

28.546 


28.534 
28.542 





Mean, 28 541, + .0024 





* Berichte d. Deutsch. Chem. Gesell., 12, 1044. 1879. 
+ Amer. Journ. Sci. and Arts, May, 1880. Berichte, 13, 951. 
tJourn. far Prakt. Chem. (2), 22, 131. 
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These figures confirm his old results, and may he fairly combined with 
them and with the percentages found by Cooke, as follows : 


SchipeidereatlySevies...% fa 06. nos ee see 28.520, -+ .008 

Schimelderplatersenlesans sae aackerene 28.541, - .0024 

COO emer eysetaee ois Shans shorn) ae ian aero 28.5182, + :0120 
Generalemealrve tre rs sysie)yci eee 28.5385, + .0023 


In 1881 Pfeifer * determined electrolytically the direct ratios between 
silver and antimony, and copper and antimony. With copper the fol- 
lowing data were obtained : 


Gu On eeLOON ss 


1.412 grm. Sb = 1.1008 Cu. 128.270 
1,902 ee TeqOg2ues 128,236 
3.367 as 2.6249 ‘‘ 128.272 





Mean, 128.259, + .0077 


iim == 69.6, Sb 122.36. 
With silver he found— 
AG SOL ELON ee 


5-925 grm. Sb = 15.774 Ag. 37-562 
6.429 - 17.109 “ 37-577 
10,116 ss ZORO 2a 37.506 
4 865 a 13.014 “ 37-383 
4.390 cs 11.697 “ 37-531 
9.587 m 25.611 “ 37-433 
4.525 . 12.097 “ 37.406 





Mean, 37.485, + .0198 


Mi Ao— 108, Sb 121.45. 

The latter ratio was also determined by Popper,t several years after- 
wards. The two metals were precipitated simultaneously by the same 
current ; and in some experiments two portions of antimony were thrown 
down against one of silver. These are indicated in the subjoined table 
by suitable bracketing, and the ratio is given in the third column: 


Sd. Ag. Ratio. 
Mike } 3-9655 ue 
pag noe me 
fas } 10.3740 Hon 
451893 1 stinite See 
4.1885 J ah 


* Ann. Chem. Pharm., 209, I61. 
jaAnn: Chem. 233, 153: 
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4.2710 | 11.3868 37-507 
4.27525 37-545 
5.6860 . 15.1786 37-460 
5.6901 J 37.487 
4-4117 11.8014 37.383 
4.9999 13.3955 37-322 
5.2409 14.0679 37.250 





Mean, 37.434, = 
Pfeifer found, 37.485, + .o0198 


General mean, 37.452, + .O119 


If Ag == 108, Popper’s figures give in mean Sb = 121.3. 

Tam inclined to attach slight importance to these electrolytic data, 
for the reasons that it would be very difficult to ensure the absolute 
purity and freedom from occlusions of the antimony as weighed, or to 
guarantee that no secondary reactions had modified the ratios. 

The work done by Bongartz* in 1883 was quite different from any of 
the determinations which had preceded it. Carefully purified antimony 
was weighed as such, and then dissolved in a concentrated solution of 
potassium sulphide. From this, after strong dilution, antimony trisul- 
phide was thrown down by means of dilute sulphuric acid. After 
thorough washing, this sulphide was oxidized by hydrogen peroxide, by 
Classen’s method, and the sulphur in it was weighed as barium sulphate. 
The ratio measured, therefore, was 2Sb: 3BaSO,. and the data were as 
follows. The BaSO, equivalent to 100 parts of Sb is the ratio stated : 


Sb Taken. BaSO, Found. Ratio. 
1.4921 4.3325 290. 362 
.6132 1.7807 290.394 
.5388 1.5655 7 290.553 
1.2118 3.5205 290.518 
.9570 2.7800 290.491 
.6487 1.8855 290. 349 
.7280 2.1100 289.835 
-9535 2.7655 290.036 
1.0275 2.9800 290.024 
.9635 2.7980 290.399 
-9255 2.6865 290.275 
-7635 232075 290.438 





Mean, 290.306, + .0436 


We have now before us the following ratios,good and bad, from which 
to calculate the atomic weight of antimony. The single results obtained 
by Weber and by Unger, being unimportant, are not included : 





* Ber. Deutsch. Chem. Gesell., 16, 1942. 1883. 
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(1.) Percentage of S in Sb,S,, 28.5385, + .0023 
(2.) Percentage of Sb in Sb,O,, 79.283, - .009 
(3.) O needed to oxidize roo parts SbCl,, 7.0294, - .0024 
(4.) O needed to oxidize 100 parts Sb,O,, 10.953, + .0075 
(5.) O needed to oxidize 100 parts Sb, 13.079, -- .0096 
(6.) K,Cr,O, : tartar emetic : : 100 : 337.30, + .29 
(7.) Ags : SbCl, : : 100: 70.512, + .021 
(8.) 3AgCl : SbCl, : : 100 : 53.2311, + .008 
(9.) Ags : SbBr, : : 100: I1I.114, + .0014 

(10.) 3AgBr : SbBr, : : 100 : 63.830, - .008 

(11.) 3AgI : SbI, : : 100: 71.060, + .023 

(12.) Cu, : Sb, : : 100 : 128.259, + .0077 

(13.) Ag, : Sb: : 100: 37.452, + .o119 

(14.) Sb, : 3BaSO, : : 100 : 290.306, + .0436 


In the reduction of these ratios a considerable number of antecedent 
atomic weights are required, thus: 


O = 15.879, + .0003 € = I1,926, + .0004 
Ag = 107.108, + .0031 Cu = 63.119, + .0015 
Cl = 35.179, + .0048 Ba = 136.392, + .0086 
Br = 79.344, + .0062 Cr 51742. 0084! 
I 125.888, + .0069 AgCl = 142.287, + .0037 
K = 38.817, + .0051 AgBr= 186,452, + .0054 
S = 31.828, + .0015 Agl = 232.996, + .0062 


Three of the ratios give the molecular weight of antimony trichloride, 
and two give corresponding values for the bromide. These values may 
be combined, as follows: First, for the chloride— 





BOI (Sieger wus areteretoleyaciers, se bvel eis SbC], = 225.894, + .0771 
ROMA 7) Re Saeed alssa aioe eae esos ws *$) 3==1220:572. 00715 
TOMIR (3) petepseeeenecter rei = sorerecierete == 22 76222 OBA 
Generalameanvocn- seme =: SbCl, = 226,924, + .0286 
Hence Sb = 121.387, + .0321. 
For the bromide we have— 
Brom (9)raa.-- Puc te Reysis: 53 hc atetaeres SbBr, = 357.036, + .0113 
Brome (LO) Pemeteetsrel is sie cies Grave ee SS ==357.037,== 0250 
Generalimeaninn .)-iciciei< SbBr, = 357.036, + .0103 


Hence Sb = 119.005, + .0212. 


All the data yield eleven values for antimony, which are arranged 
below in the order of their magnitude: 
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1. From tartar emetic, ratio (6)..... Sb = 118.024, + .2827 

2. KromrobBi,e meer nee me eee ‘¢ — 119,005, += .0212 

3. From: Sbi, wation(rt)s: )eaeetons “¢ — 119.037, + .1626 
A.) Prom) Sby5,. tation) pee meee “* — 119.548, -+ .0069 

SHOMration (4) aetna “€ = 119.737, + .0188 

6) Hromiratiol (03) Feet eee ree © = 120.342, + .0384 

Ho WOM TTC aeooaadooscossoe f= N2Tet5 5.1) 1OOO 

Se) HLOMESD Cle Reis ace Meeieice 1 121387, t= FOB 2 
Oy NgoLIENIOY (GHNsrene,Gcidorcuoaue (© = 121.408, + .0891 
TOM Hromuratlon (U2) veer eee ee py 121.434, + .0078 
Ti, From Sb, 07, Fatto'(2)es. ete ee <== 12T542) 1.0540 
Generallimeane see ee aka Gite Sb = 120.299, -+ .0047 


If O = 16, this becomes Sb = 121.218. 

Among these figures the discordance is so great that the mathematical 
combination has no real value. We must base our judgment in this case 
mainly upon chemical evidence, and this, as shown in the investigations 
of Cooke and of Schneider, favors a lower rather than a higher value for 
the atomic weight of antimony. Dumas’ work was affected by constant 
errors which are now known, and Dexter’s data are also presumably in 
the wrong. A general mean of values 2, 3, 4, and 5 gives Sb = 119.521, 
+ .0062, or, if O = 16,Sb = 120.432: Even now the range of uncertainty 
is greater than it should be, but none of the four values combined can 
be accepted exclusively or rejected without more evidence. This result, 
therefore, should be adopted until new determinations, of a more con- 
clusive nature, have been made. 
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BISMUTH. 


Early in the century the combining weight of bismuth was approxi- 
mately fixed through the experiments of Lagerhjelm.* Effecting the 
direct union of bismuth and sulphur, he found that ten parts of the metal 
yield the following quantities of trisulphide: 


12,2520 
12.2065 
12.2230 
12,2465 


Mean, 12.2320 





Hence Bi = 215 in round numbers, a value now known to be much too 
high. Lagerhjelm also oxidized bismuth with nitric acid, and, after igni- 
tion, weighed the trioxide thus formed. Ten parts of metal gave the 
following quantities of Bi,O,: 


11,1382 
11.1275 


Mean, 11.13285 





Hence, if O = 16, Bi = 211.85, a figure still too high. 

In 1851 the subject of the atomic weight of bismuth was taken up by 
Schneider,f who, like Lagerhjelm, studied the oxidation of the metal 
with nitric acid. The work was executed with a variety of experimental 
refinements, by means of which every error due to possible loss of mate- 
rial was carefully avoided. For full details the original paper must be 
consulted; there is only room in these pages for the actual results, as 
follows. The figures represent the percentages of Bi in Bi,O,: 

89.652 
89.682 
89.644 
89.634 
89.656 
89.666 
89.655 
$9.653 





Mean, 89,6552, - .0034 


Hence, if O = 16, Bi = 208.05. 
Next in order are the results obtained by Dumas.{ Bismuth tri- 





* Annals of Philosophy, 4, 358. 1814. Adopted by Berzelius. 
+ Poggend. Annalen, 82, 303. 1851. 
ft Ann. Chim. Phys. (3), 55, 176. 1859. 
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chloride was prepared by the action of dry chlorine upon bismuth, and 
repeatedly rectified by distillation over bismuth powder. The product 
was weighed in a closed tube, dissolved in water, and precipitated with 
sodium carbonate. In the filtrate, after strongly acidulating with nitric 
acid, the chlorine was precipitated by a known amount of silver. The 
figures in the third column show the quantities of BiCl, proportional to 
100 parts of silver: 


3.506 grm. BiCl, — 3.545 grm. Ag. 98.900 
1.149 oe 1.168 es 98.373 
1.5965 se 1.629 Ht 98.005 
2.1767 a 2.225 oe 97.829 
3.081 a 3-144 Y 97.996 
2.4158 es 2.470 oh 97.806 
1.7107 ne 1.752 + 97.643 
3-523 * 3-605 5 F 97.712 
5.241 ns 5.3061 sie 97.762 





Mean, 98.003, -+ .0go 


Hence, with Ag = 108 and Cl = 35.5, Bi = 211.03. 

The first three of the foregoing experiments were made with slightly 
discolored material. The remaining six percentages give a mean of 
97.791, whence, on the same basis as before, Bi = 110.79. Evidently 
these results are now of slight value, for it is probable that the chloride of 
bismuth, like the corresponding antimony compound, contained traces 
of oxychloride. This assumption fully accounts for the discordance be- 
tween Dumas’ determination and the determinations of Schneider and 
of still more recent investigators. 

In 1883 Marignac * took up the subject, attacking the problem by two 
methods. His point of departure was commercial subnitrate of bismuth, 
which was purified by re-solution and reprecipitation, and from which 
he prepared the oxide. First, bismuth trioxide was reduced by heating 
in hydrogen, beginning with a moderate temperature and closing the 
operation at redness. The results were as follows, with the percentage 
of Bi in Bi,O, added : 


2.6460 grm, Bi,O, lost 0.2730 grm. O. 89.683 per cent. 
6.7057 - +H LOGON es 89.696 ‘< 
3.6649 vs EO Oi Soe Ot 
5.8024 ue 5981 ss 89.692 “ 
5.1205 a -5295 a 80,050 0 es 
5.5640 es -5742 me 89.680 ‘ 





Mean, 89.682, + .0036 


Hence, if O = 16, Bi = 208:60: 





* Arch. Sci. Phys. et Nat. (3), 10, Io. 
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Marignac’s second method of determination was by conversion of the 
oxide into the sulphate. The oxide was dissolved in nitric acid, and 
then sulphuric acid was added in slight excess from a graduated tube. 
‘The mass was evaporated to dryness with great care, and finally heated 
over a direct flame until fumes of SO, no longer appeared. The third 
column gives the sulphate formed from 100 parts of oxide: 


2.6503 Bi,O, gave 4.0218 Bi,(SO,)5. Ratio, 151.749 
2.8025 eke Ae25 35 cs Piet LS evi 755 
2.710 eS 4.112 oy SPT S34 
2.813 “ 4.267 ee SS iSie6ss 
2.8750 RF 4.3625“ ye BSE aso 
2.7942 aS A22838)  ° SST Urs 1682 





Mean, 151.728, + .0099 


Hence, with O = 16 and S = 82.06, Bi = 208.16. 

This result needs to be studied in the light of Bailey’s observation,* 
that bismuth sulphate has a very narrow range of stability. It loses the 
last traces of free sulphuric acid at 405°, and begins to decompose at 418°, 
so that the foregoing ratio is evidently uncertain. The concordance of 
the data, however, is favorable to it. 

The next determination of this atomic weight was by Léwe,t who 
oxidized the metal with nitric acid, and reduced the nitrate to oxide by 
ignition. Special care was taken to prepare bismuth free from arsenic, 
and the oxide was fused before weighing. In the paper just quoted 
Bailey calls attention to the volatility of bismuth oxide, which doubt- 
less accounts for the low results found in this investigation. The data 
are as follows: 


Bi Taken. Bi,O, Found. Per cent. Bt. 
11.309 12,616 89.640 
12.2776 13.694 89.656 





Mean, 89.648, + .0040 


Hence. if O = 16, Bi = 207.84. 

In Classen’s { work upon the atomic weight of bismuth, the metal 
itself was first carefully investigated. Commercial samples, even those 
which purported to be pure, were found to be contaminated with lead 
and other impurities, and these were not entirely removable by many 
successive precipitations as subnitrate. Finally, pure bismuth was ob- 
tained by an electrolytic process, and this was converted into oxide by 
means of nitric acid and subsequent ignition to incipient fusion. Results 
as follows, with the percentage of Bi in Bi,O, added: 

* Journ. Chem. Soc., 51, 676. 


+ Zeit. Anal. Chem., 22, 498. 
t Ber. Deutsch. Chem. Gesell., 23, 938., 18go. 


232 THE ATOMIC WEIGHTS. 


Bi Taken. Bi,O, Found. Fer cent. Bi. 
25.0667 27.9442 89.703 
21,0691 23.4875 89.7035 
27.2596 30.3922 89.693 
36.5195 40.7131 89.700 
27.9214 31.1295 89.6944 
32.1188 35-8103 89.692 
30. 1000 33-5587 89.694. 
26.4825 59.5257 89.693 
19.8008 22 0758 89.695 





Mean, 89.696, + .0009 


Hence. if O = 16, Bi = 208.92, or, reduced to vacuum standards, 208.90. 

Classen’s paper was followed by a long controversy between Schneider 
and Classen,* in which the former upheld the essential accuracy of the 
work done by Marignac and himself. Schneider had started out with 
commercial bismuth, and Classen found that the commercial bismuth 
which he met with wasimpure. Schneider, by various analyses, showed 
that other samples of bismuth were so nearly pure that the common 
modes of purification were adequate ; but Classen replied that the original 
sample used by Schneider in his atomic weight investigation had not 
been reéxamined. Accordingly, Schneider published a new series of 
determinations f made by the old method, but with metal which had 
been scrupulously purified. Results as follows: 


B1, JE Ol. Per cent. Bi. 
5.0092 5.5868 89.661 
3.6770 4.1016 89.648 
7.2493 8.0854 89.659 
9.2479 10.3142 89.662 
6.0945 6.7979 89.653 

12.1588 3.5610 89.660 





Mean, 89.657, + .0o15 


Hence with O = 16, Bi = 208.05, a confirmation of the earlier deter- 
minations. 

Although the results so far are not final; a combination of the data 
relative to bismuth oxide is not without interest. 


1) ager el ia cr cc.fso eee erro ceric es 89.865, + .0650 
fy, KANN, IKIGI YG so ocak as oude -... 89,655, -— .0034 
a iMarignacs «sO ip. sh ce Canes Meta ee wee 89.682, + .0036 
ASG WE TREAL Ch Sink tO ene ~... 89.648, + .0040 
Ge ClASSeIt «Aone ca sreutne a eear een eeaeraan atta 89.696, + .0009 
Om Chie Cera O4 see eee re eee ee 89.657, + .0015 





Generalimeaneaaeraneeetcces ...+. 89.681, + .0007 
* Journ. fiir Prakt. Chem. (2), 42, 553; 43, 133; and 44, 23 and 411. 
ft Journ. flir Prakt. Chem. (2), 50, 461. 1894. 
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Omitting the first and fifth means, the other data give a general mean 
percentage of 89.659, + .0012. 
The ratios now before us are as follows: 
(1.) Percentage of Bi in Bi,O,, 89.681, -- .0007 
(2.) Bi,O, : Bi,(SO,)3 : : 100 : 151.728, + .0099 
(3.) 3Ag: BiCl, : : 100 : 98.003, + .0g0 





For computation we have 


O = 15.879, - .0003 Ag = 107.108, + .003I 
S = 31.828, + .oo15 Cl = 435.179, == .0048 

Hence, reducing the ratios— 
HR OTEW (LS Pavace ase siaterste sisis'ai irs efewss) ss. Bi = 207.003, + .0150 
HRI (aren ete scayors: shape tone ah Fole ce 2 ec <sis “* = 206.613, + .0444 
HEI TINE (CQ) Maps eee eRe era clone re ceiletals feeoan ‘€ — 209,370, + .2847 
Generalemeant us ee a). Bi = 206.971, + .0142 


if O= 16, Bi = 208.548. 

Classen’s data alone give Bi= 207.389, or, with O=16, 208.969. 
Omitting this set of determinations and rejecting Dumas’, the remaining 
data give— 


rom B Ts O sme eet yay laine « Bi = 206,512, - .0244 
OMNIS (SO) cca docsoasauees eu eee “* — 206,613, + .0444 
Generalemeaneyrey se etic. <2 Bi = 206,536, + .0214 


If O = 16, this becomes Bi = 208.11. Between this figure and Classen’s, 
future investigation must decide. The confirmation afforded by the 
sulphate series is in favor of the lower value. 
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COLUMBIUM.* 


The atomic weight of this metal has been determined by Rose, Her- 
mann, Blomstrand, and Marignac. Rose + analyzed a compound which 
he supposed to be chloride, but which, according to Rammelsberg, t must 
have been nearly pure oxychloride. If it was chloride, then the widely 
varying results give approximately Cb = 122; if it was oxychloride, the 
value becomes nearly 94. If it was chloride, it was doubtless contami- 
nated with tantalum compounds. 

Hermann’s § results seem to have no present value, and Blomstrand’s || 
are far from concordant. The latter chemist studied columbium penta- 
chloride and sodium columbate. In the first case he weighed the colum- 
bium as columbium pentoxide, and the chlorine as silver chloride, the 
oxide being determined by several distinct processes. In some cases it 
was thrown down by water, in others by sulphuric acid, and in still 
others by sodium carbonate or ammonia jointly with sulphuric acid. The 
weights given are as follows: 





CbC1;. Cb, 03. AgCl, 
591 P2040 bY, pelle Oe ae oem ee ee 
8085 .401 2.085 
-633 ; Soe te | ea Oe ee 
+195 -0974 -500 
-507 .2505 1.302 
-9415 -472 2.454 
563 SOT OO cee Dy i MS eerie 
.9385 .4675 2.465 
.4788 SOUS ee kr: ae atc ee aie 
.408 .204 1.067 
.9065 SAIRUGR@ ee (2 FR EO Re 


Hence the subjoined percentages, and the ratios 5AgCl : CbCl, : : 100: a, 
and dAgCl 2 Cb,O.. +100: a: 


Fer cent. €b,0;. AgCl: CoCi,. Ag Cl = Cb,0;. 
AQT BON \ PA VY PP MMI  a yr OR REA 08 Gee sehr cys 
49.598 38.777 19.233 
50.079 eee ee arm A UNoerserS: 
49.949 39-000 19.435 
49.408 38.940 19.240 


50.135 38.366 19.234 


* This name has priority over the more generally accepted “ niobium,” and therefore deserves 
preference. 

+ Poggend. Annal., 104, 439. 1858. 

t Poggend. Annal., 136, 353. 1869. 

¢@ Journ. flr Prakt. Chem., 68, 73. 1856. 

| Acta Univ. Lund, 1864. 
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AOC 2EMMEMNIE RS Cy a ststeciss er MN, 1h” iePeeieMtcetoy hei 
49.813 38.073 18.966 
AOCOOMMMML EA Ws.) pisces) kPa Mma 
50.000 38.238 19.119 
AQSSO/ MEST Og! iais afcicie sh) i) ke MR Seether = 











Mean, 49.806, + .045 Mean, 38.566, +.108 Mean, 19,205, + .043 


From these means the atomic weight of columbium may be computed, 
thus: 


PROHE POD GN MCI cers ae 6d ccc ade sais sie jee se Cb = 95.397 
OR CE reo NEEL eros aie cts «a /slersi'ogtielele stints Ooty 
BOMBS ANG Cl ycy Ely OP eyarcs sistas Seale 21 cis ke eis aisl ouereiele S=—190.9335 


when O = 15,879, Ag = 107.108, and Cl = 35.179. 

The series upon sodium columbhate, which salt was decomposed with 
sulphuric acid, both Cb,O, and Na,SO, being weighed, is too discordant 
for discussion. The exact nature of the salt studied is not clear, and the 
data given, when transformed into the ratio Na,SO, : Cb,O, : : 100: 2, give 
values for x ranging from 151.65 to 161.20. Further consideration of this 
series would therefore be useless. It seems highly probable that Blom- 
strand’s materials were not entirely free from tantalum, however, since 
the atomic weight of columbium derived from his analyses of the chloride 
are evidently too high. 

Marignac* made about twenty analyses of the potassium fluoxycolum- 
bate, CbOF,.2KF.H,O. 100 parts of this salt give the following percent- 
ages : 


ChIO Maas Extremes 44.15 to 44.60 Mean, 44.36 
ISO Ferman ieccarars nc 57.60 ‘* 58.05 
EMO, eee . 5.75 “* 5.98 
Be eer cists spares egO102) 32022 


From the mean percentage of Cb,O,, Cb = 92.852. If O= 16, this 
becomes 93.56. 

From the mean between the extremes given for K,SO,, Cb = 93.192. 
If O = 16, this becomes 93.90. 

As Deville and Troost’s ¢ results for the vapor density of the chloride 
and oxychloride agree fairly well with Cb = 94, we may adopt this value 
as approximately correct.y The mean of the two values computed from 
Marignac’s data is 93.022 when H = 1, and 93.73 when O = 16. 





* Arch. Sci. Phys. Nat. (2), 23. 1865. 
7 Compt. Rend., 56, 891. 1863. 
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TANTALUM. 


The results obtained for the atomic weight of this metal by Berzelius,* 
Rose,f and Hermann{ may be fairly left out of account as valueless. 
These chemists could not have worked with pure preparations, and their 
data are ‘sufficiently summed up in Becker’s “ Digest.” 

Blomstrand’s determinations, § as in the case of columbium, were 
made upon the pentachloride. His weights are as follows: 


TaCi,. Ta,0;. AgCl. 
.9808 .598 ls sdk Olea 
1.4262 .867 2.906 

2.5282 T5875 5.0105 
1.0604 .0455 2.156 
2.581 Le Gai tat ok Tey. hl wetiataecbens 
.8767 -534 


Hence the subjoined percentages of Ta,O, from TaCl,, and the ratios 
oAgCl: Vath; 100:2,and SAgCl: ParOny: 100%: 











Per cent. Ta,Os. AOD LD Obs. AgGl i TatOn 
GORI: Age oT Carmi ane my oie Br i \i Aaa ae aes 
60.791 49.078 29.835 
60.814 50.458 30 685 
60.873 49.297 29.940 
GOLGGOUR IT (OPI ANSl RNR aM Gs Lj, et 
GOO 24S Np | Ger eee ee ele chan WY Ve yee 
Mean, 60.889, + .0208 49.611, + .289 30.153, + .180 


From these ratios we get for the atomic weight of tantalum : 


From\pericent. Ma, Ooms, ymmma ets ct: Ta = 172.342 
Proms AeC hal see gana meen oa. © == 177.055 
From sAgCl :\TajOey 0) si. yea eae oso asad Cea 4no2t 


These results are too low. Probably Blomstrand’s material still con- 
tained some columbium. 

In 1866 Marignac’s determinations appear ‘dl || He made four analyses 
of a pure potassium fluotantalate, and four more experiments upon the 
ammonium salt. The potassium compound, K,TaF,, was treated with 
sulphuric acid, and the mixture was then evaporated to dryness. The 
errs a was next esse ed out bye water, ans the residue 


aeeeeua Annalen, 4,14. 1825. 

+ Poggend. Annalen, gg, 80. 1856. 

t Journ. fir Prakt. Chem., 70, 193. 1857. 
# Acta Univ. Lund, 1864 

|| Arch. Sci. Phys. Nat. (2), 26, 89. 1866. 
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was ignited and weighed as Ta,O,. 100 parts of the salt gave the follow- 
ing quantities of Ta,O, and K,SO,: 





Ta,O;. LES OF 
56.50 44.37 
56.75 44.35 
56.55 44.22 
56.56 - 44.24 
Mean, 56.59, + .037 Mean, 44.295, + .026 


From these figures, 100 parts of K,SO, correspond to the subjoined 
quantities of Ta,O,: 
127.338 
127.960 
128.178 
127.848 





Mean, 127.831, + .120 


The ammonium salt, (NH,),TaF,, ignited with sulphuric acid, gave 
these percentages of Ta,O,. The figures are corrected for a trace of K,SO, 
which was always present: 

63.08 
63.24 
63.27 
63.42 


Mean, 63.25, -- .047 


Hence we have four values for Ta: 


From potassium salt, per cent. Ta,O,......... a o2-380 
From potassium salt, per cent. K,SO,......... <¢'== 180.490 
From potassium salt, K,SO,: Ta,O,...2...... [—SN|s4o2 
From ammonium salt, per cent. Ta,O,........ Soto GIG 

PAV CLA GC ee ee Veen ISS eo nie ook one crs io anes Ta = 181.453 


Or, if O1==.16, Ta =5182:836: 
These values are computed with O = 15.879, K = 58.817, S = 31.828, 
N= 13.935, and. F —.18.912. 
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CHROMIUM. 


Concerning the atomic weight of chromium there has been much dis- 
cussion, and many experimenters have sought to establish the true 
value. The earliest work upon it having any importance was that of 
Berzelius,* in 1818 and 1826, which led to results much in excess of the 
correct figure. His method consisted in precipitating a known weight 
of lead nitrate with an alkaline chromate and weighing the lead chro- 
mate thus produced. The error in his determination arose from the fact 
that lead chromate, except when thrown down from very dilute solu- 
tions, carries with it minute quantities of alkaline salts, and so has its 
apparent weight notably increased. When dilute solutions are used, a 
trace of the precipitate remains dissolved, and the weight obtained is too 
low. In neither case is the method trustworthy. 

In 1844 Berzelius’ results were first seriously called in question. The 
figure for chromium deduced from his experiments was somewhat over 
56; but Peligot + now showed, by his analyses of chromous acetate and 
of the chlorides of chromium, that the true number was near 52.5. 
Unfortunately, Peligot’s work, although good, was published with in- 
sufficient details to be useful here. For chromous acetate he gives the 
percentages of carbon and hydrogen, but not the actual weights of salt, 
carbon dioxide, and water from which they were calculated. His figures 
vary considerably, moreover—enough to show that their mean would 
carry but little weight when combined with the more explicit data fur- 
nished by other chemists. 

Jacquelain’s { work we may omit entirely. He gives an atomic weight 
for chromium which is notoriously too low (50.1), and prints none of the 
numerical details upon which his result rests. The researches which 
particularly command our attention are those of Berlin, Moberg, Lefort, 
Wildenstein, Kessler, Siewert, Baubigny, Rawson, and Meineke. 

Among the papers upon the atomic weight under consideration that 
by Berlin is one of the most important.§ His starting point was normal 
silver chromate; but in one experiment the dichromate Ag,Cr,O, was 
used. These salts, which are easily obtained in a perfectly pure condi- 
tion, were reduced in a large flask by means of hydrochloric acid and 
alcohol. The chloride of silver thus formed was washed by decantation, 
dried, fused, and weighed without transfer. The united washings were 
supersaturated with ammonia, evaporated to dryness, and the residue 
treated with hot water. The resulting chromic oxide was then collected 
upon a filter, dried, ignited, and weighed. The results were as follows: 

* Schweigg. Journ., 22, 53, and Poggend. Annal., 8, 22. 
+Compt. Rend., 19, 609, and 734; 20, 1187; 21, 74. 


{ Compt. Rend., 24, 679. 1847. 
+ Journ. fir Prakt. Chem., 37, 509, and 38, 149. 1846. 


. CHROMIUM. 239 


4.6680 grm, Ag,CrO, gave 4.027 grm, AgCl and 1.0754 grm, Cr,O,. 


3.4568 ny 2.983 us -7960 af 
2.5060 2.1605 ss .5770 aS 
2.1530 - 1.8555 * 72045 
4.3335 grm. Ag,Cr,O, gave 2.8692 I. 5300 es 


From these weighings three values are calculable for the atomic weight 
of chromium. The three ratios upon which these values depend we will 
consider separately, taking first that between the chromic oxide and the 
original silver salt. In the four analyses of the normal chromate the 
percentages of Cr,O, deducible from Berlin’s weighings are as follows: 


23.037 
23.027 
23.025 
22.968 





Mean, 23.014, + .OII 


And from the single experiment with Ag,Cr,O, the percentage of Cr,O, 
was 35.506. 

For the ratio between Ag,CrO, and AgCl, putting the latter at 100, we 
have for the former : 


115.917 
115.883 
115.992 
116.033 





Mean, 115.956, + .023 


In the single experiment with dichromate 100 AgCl is formed from 
151.035 Ag,Cr,O,. 

Finally, for the ratio between AgCl and Cr,O,, the five experiments of 
Berlin give, for 100 parts of the former, the following quantities of the 
latter : 

26.705 
26.685 
26.707 
26.650 
26,662 





Mean, 26.682, ++ .0076 


\ 
These results will be discussed, in connection with the work of other 
investigators, at the end of this chapter. 
In 1848 the researches of Moberg* appeared. His method simply 
consisted in the ignition of anhydrous chromic sulphate and of am- 
monium chrome alum, and the determination of the amount of chromic 





* Journ. fiir Prakt. Chem., 43, 114. 
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oxide thus left as residue. In the sulphate, Cr,(SO,),, the subjoined per- 
centages of Cr,O, were found. The braces indicate two different sam- 
ples of material, to which, however, we are justified in ascribing equal 


value: 


.542 grm. sulphate gave .212 grm. Cr,O,. 39.114 per cent. ) 
1.337 3 ean wire BO ELT 05% ‘ 
.5287 - -207 sf 395153" >< 5 
1,033 oe .406 os 30s3O3mrnie ) 
.868 341 is 2O1250Re j 





Mean, 39.1946, + .0280 


From the alum, NH,.Cr(SO,),.12H,O, we have these percentages of 
Cr,O,. The first series represents a salt long dried under a bell jar at a 
temperature of 18°. The crystals taken were clear and transparent, but 
may possibly have lost traces of water,* which would tend to increase 
the atomic weight found for chromium. In the second series the salt was 
carefully dried between folds of filter paper, and results were obtained 
quite near those of Berlin. Both of these series are discussed together, 
neither having remarkable value: 


1.3185 grm. alum gave .213 grm. Cr,O,. 16,155 per cent. 
7987 Ka sraote “< TOMS ets 
1.0185 aS .1645 ss fo, isn 8 
1,0206 se .1650 of LOW 7a 
.8765 “ .1420 a TOW2O 
.7680 J .1242 s TOs 17.2 
1.6720 ss .2707 e LOGON 
.5410 s .0875 se O74 
1.2010 ss .1940 oe LORS See 
1.0010 a . 1620 es TOs O4 mes 
Sails a a1235 By 16,007 ais 
1.374 x .2200 a O(n — 





Mean, 16.143, -- .0125 


The determinations made by Lefort f are even less valuable than those 
by Moberg. This chemist started out from pure barium chromate, which, 
to thoroughly free it from moisture, had been dried for several hours at 
250°. Thechromate was dissolved in pure nitric acid, the barium thrown 
down by sulphuric acid, and the precipitate collected upon a filter, dried, 
ignited, and weighed in the usual manner. The natural objection to the 
process is that traces of chromium may be carried down with the sul- 
phate, thus increasing its weight. In fact, Lefort’s results are somewhat 
too high. Calculated from his weighings, 100 parts of BaSO, correspond 
to the amounts of BaCrO, given in the third column: 


* This objection is suggested by Berlin ina note upon Lefort’s paper. Journ. ftir Prakt. Chem., 


Digi nLOL. 


+ Journ. fiir Prakt. Chem., 51, 261. 1850. 
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1.2615 grm. BaCrO, gave 1.1555 grm. BaSQ,. 109.174 
1.5895 Sy 1.4580 us 109,019 
2.3255 f 2.1340 ss 108.974 
3.0300 af 2.7855 ce 109, 101 
2.3480 cs 2.1590 es 108.754 
1.4230 ne 1.3060 ae 108,708 
1.1975 as I, 1005 uC 108.814 
3.4580 s 3.1690 oak 109.119 
2.0130 &¢ 1.8430 ss 109,224 
3.5570 re 3.2710 ee 108.744 
1.6470 gs 1.5060 as 109. 363 
1.8240 uF 1.6725 “ 109.058 
1.6950 ss 1.5560 ee 108.933 
2.5960 oe 2.3870 aS 108.756 


Mean, 108.9815, + .0369 


Wildenstein,* in 1853, also made barium chromate the basis of his 
researches. A known weight of pure barium chloride was precipitated 
by a neutral alkaline chromate, and the precipitate allowed to settle until 
the supernatant liquid was perfectly clear. The barium chromate was 
then collected on a filter, washed with hot water, dried, gently ignited, 
and weighed. Here again arises the objection that the precipitate may 
have retained traces of alkaline salts, and again we find deduced an 
atomic weight which is too high. One hundred parts BaCrO, correspond 
to BaCl, as follows: 


81.87 81.57 
81.80 81.75 
81.61 81.66 
81.78 81.83 
81.52 $1.66 
81.84 81.80 
81.85 81.66 
81.70 81.85 
$1.68 81.57 
81.54 81.83 
$1.66 81.71 
81.55 $1.63 
81.81 81.56 
81.86 $1.58 
81.54 81.67 
81.68 81 84 





Mean, 81.702, + .o14 
‘ 


Next in order we have to consider two papers by Kessler, who em- 
ployed a peculiar volumetric method entirely his own. In brief, he com- 
pared the oxidizing power of potassium dichromate with that of the 
chlorate, and from his observations deduced the ratio between the mo- 
lecular weights of the two salts. 


+ Journ. fiir Prakt. Chem., 50, 27. 
16 
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In his earlier paper* the mode of procedure was about as follows: 
The two salts, weighed out in quantities having approximate chemical 
equivalency, were placed in two small flasks, and to each was added 
100 cc. of a ferrous chloride solution and 30 ce. hydrochloric acid. The 
ferrous chloride was added in trifling excess, and, when action ceased, 
the amount unoxidized was determined by titration with a standard solu- 
tion of dichromate. As in each case the quantity of ferrous chloride was 
the same, it became easy to deduce from the data thus obtained the ratio 
in question. I have reduced all of his somewhat complicated figures to 
a simple common standard, and give below the amount of chromate 


equivalent to 100 of chlorate: 
120.118 
120.371 
120.138 
120.096 
120,241 
120,181 


Mean, 120.191, -- .028 





In his later paper + Kessler substituted arsenic trioxide for the iron 
solution. In one series of experiments the quantity of dichromate needed 
to oxidize 100 parts of the arsenic trioxide was determined, and in an- 
other the latter substance was similarly compared with the chlorate. 
The subjoined columns give the quantity of each salt proportional to 100 
of AO. 





TG CTO. KaGlOr 
98.95 41.156 
98.94 41.116 
99.17 41.200 
98.98 AT 255 
99.08 41.201 
99.15 41.086 

41.199 
Mean, 99.045, -- .028 41.224 
41.161 
41.193 
41.149 
41.126 


a 





Mean, 41.172, + .009 


teducing the later series to the standard of the earlier, the two com- 
bine as follows: 


(1) 2KCIO, : K,Cr,O, : : 100: 120,191, + .028 
(2) 2KCIO, : K,Cr,0, : : 100 : 120,282, - .043 
General mean...... 120.216, + .0235 





* Poggend. Annalen, 95, 208 1855. 
} Poggend. Annalen, 113, 137. 1861. 
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Siewert’s determinations, which do not seem to have attracted general 
attention, were published in 1861.* He, reviewing Berlin’s work, found 
that upon reducing silver chromate with hydrochloric acid and alcohol, 
the chromic chloride solution always retained traces of silver chloride 
dissolved in it. These could be precipitated by dilution with water ; 
but, in Berlin’s process, they naturally came down with the chromium 
hydroxide, making the weight of the latter too high; hence too large a 
value for the atomic weight of chromium. In order to find a more cor- 
rect value Siewert resorted to the analysis of sublimed, violet, chromic 
chloride. This salt he fused with sodium carbonate and a little nitre, 
treated the fused mass with water, and precipitated from the resulting 
solution the chlorine by silver nitrate in presence of nitric acid. The 
weight of the silver chloride thus obtained, estimated after the usual 
manner, gave means for calculating the atomic weight of chromium. 
His figures, reduced to a common standard, give, as proportional to 100 
parts of chloride of silver, the quantities of chromic chloride stated in 
the third of the subjoined columns: 


.2367 grm. CrCl, gave .6396 grm. AgC]l. 37.007 
.2946 “ -7994 ce 36.853 
-2593 * +7039 : 36.838 
-4935 o 1.3395 oi 36.842 
.5850 us 1.5884 . 36.830 
6511 + 1.76681 eS 30.852 
5503 en 1.49391“ 36.836 





Mean, 36.865, -+ .0158 


The first of these figures varies so widely from the others that we are 
justified in rejecting it, in which case the mean becomes 386.842, + .0081. 
Siewert also made two analyses of silver dichromate by the following 
process. The salt, dried at 120°, was dissolved in nitric acid. The silver 
was then thrown down by hydrochloric acid, and, in the filtrate, chro- 
mium hydroxide was precipitated by ammonia. Reduced to a uniform 
standard, we find from his results, corresponding to 100 parts of AgCl, 
Ag,Cr,O, as in the last column: 
.7866 grm. Ag,Cr,O, gave .52202 AgCl and .2764 Cr,O,. 150.684 
1.089 ss BZ2AOR ance 5304000 150.729 


Berlin’s single determination of this ratio gave 151.085. Taking all 
three values together as one series, they give a mean of 150.816, + .074. 
Siewert’s percentages of. Cr,O, obtained from Ag,Cr,O, are as follows, 
calculated from the above weighings: 
35-139 
35.262 





Mean, 35.2005, + .0415 


* Zeit. Gesammt. Wissenschaften, 17, 530. 
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Combining, as before, with Berlin’s single result, giving the latter equal 
weight with one of these, we have a general mean of 35.286, + .0335. 
For the ratio between silver chloride and chromic oxide, Siewert’s two 
analyses of the dichromate come out as follows. For 100 parts of AgCl 
we have of Cr,O,: 
52.948 
53 150 





Mean, 53.049, + .068 


This figure, reduced to the standard of Berlin’s work on the mono- 
chromate, becomes 26.525, + .034. Berlin’s mean was 26.682, + .0076. 
The two means, combined, give a general mean of 26.676, + .074. 

By Baubigny * we have only three experiments upon the calcination 
of anhydrous chromic sulphate, as follows: 


1.989 grm. Cr,(SO,), gave .7715 grm. Cr,Os. 38.788 per cent. 
3-958 ts 1.535 ig g05762) 
2.6052 < I.O115 ts 33,520)“ 





Mean, 38.799, - .0092 


Moberg found for the same ratio the percentage 39.195, + .028. The 
general mean of both series, Moberg’s and Baubigny’s, is 38.838, + .0087. 

In Rawson’s work + ammonium dichromate was the substance studied. 
Weighed quantities of this salt were dissolved in water, and then reduced 
by hydrochloric acid and alcohol. After evaporation to dryness the mass 
was treated with water and ammonia, reévaporated, dried five hours at 
140°, and finally ignited ina muffle. The residual chromic oxide was 
bright green, and was tested to verify its purity. The corrected weights 
are as follows: : 


AiTo EO CHOr: EC HACCHL Or Oe 
1.01275 .61134 60, 365 
1.08181 .65266 60.330 
1.29430 "78090 60.334 
1.13966 .68799 60.368 

-98778 -59595 60. 332 
1.14319 .68987 60, 346 





Mean, 60.346, + .0046 


Latest in time and most elaborate of all, we come to the determinations 
of the atomic weight of chromium made by Meineke,} who studied the 
chromate and ammonio-chromate of silver, and also the dichromates of 
potassium and ammonium. For the latter salt he measured the same 
ratio that Rawson determined, but by a different method. He precipi- 


* Compt. Rend., 98, 146. 
tJourn. Chem. Soc., 55, 213. 
fAnn. d. Chem., 261, 339. 1891. 
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tated its solution with mercurous nitrate, and ignited the precipitate, 
with the subjoined results. Vacuum weights are given: 


Am,Cr,0,. GOP LE CMACCi en Cha On. 
2.0416 1.2316 60, 325 
2.1618 I. 3040 60.320 
2.0823 1.2562 60.328 
2.1913 1.3220 * 60.335 
2.0970 1.2656 60.353 





Mean, 60.332, + .0037 
Rawson found, 60,346, + .0046 


General mean, 60,337, -+ .0029 


The chromate of silver, Ag,CrO,, and the ammonio-chromate, 
Ag,CrO,4NH,, both prepared with all necessary precautions to insure 
purity, were first treated essentially as in Berlin’s experiments, except 
that the traces of silver chloride held in solution by the chromic chloride 
were thrown out by sulphuretted hydrogen, estimated, and their amount 
added to the main portion. Thus the chief error in Berlin’s work was 
avoided. I subjoin the data obtained, with vacuum standards, as usual. 
All of Meineke’s results are so corrected : 


Ag,CroO,. AgCl, Gor 
2.7826 2.4047 .6384 
3.2627 2.8109 -7480 
3.6362 3.1416 .8338 
4.6781 4.0414 1.0726 
3-2325 2.7930 -7411 
3.9137 3.3805 .8976 


Hence we have the following ratios, as in the case of Berlin’s data: 











LCR GENE. Ch, Ox. rooAgC!1: Ag,CrQ,. rooAg Cl: Cr,03. 
22.943 115.715 26.548 
22.926 115.703 26.526 
22.931 115.744 26,602 
22.928 115.754 26.601 
22.924 115.736 26.531 
22.935 115.773 26.552 
Mean, 22.931, + .0019 Mean, 115.737, + .0072 Mean, 26,560, + .0093 
Berlin, 23.014, + .o110 Berlin, 115.956, + .0230 


It 


General mean, 22.934, + .oo18 General mean, 115.760, + .0069 


With the ammonio-chromate Meineke found as follows: 


Ag,Cr0,.4NA;. AgCl. GOR 
4.1518 2.9724 -7904 
4.2601 3.0592 .8125 
5.9348 4.2654 1.1317 





* Calculated back from Meineke’s value for Cr, to replace an evident misprint in the original. 
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And the ratios beeome— 


Per cent. Cr,0O3. ro0oAgCl : Salt. 100Ag Cl: Cr,03. 
19.037 139.679 26.591 
19.072 139.255 26.559 
19.059 139.138 26.532 











Mean, 19.059, + .0074 Mean, 139.357, +.1109 Mean, 26.561, ++ .o115 


The first of these three analyses is rejected by Meineke as suspicious, 
but for the present I shall allow it to remain. The data in the third 
column may now be combined with the corresponding figures from the 
normal chromate, as found by Meineke and his predecessors. 


Berio. s.60 icin, ctogve ee etornt ate ate nee eink 26.682, + .0076 
SICWENL,  MrOMAG eer iOrarn aac tien oo oie 26.525, + .0340 
MIGHODRE, ico ACO) so coonoseauncedoess 26,560, -- .0093 
Meineke, from Ag,CrO;-4NH,....2.....2.. 26.561, + .O115 

CeneralGimeans eee 26.620, + .0052 


4AgCl : Cr,O, >: 100: 26.620, + .0052 


Obviously, this mean is vitiated by the known error in Berlin’s work, 
the ultimate effect of which is yet to be considered. 

In all four of the salts studied by Meineke he determined volumetric- 
ally the oxygen in excess of the normal oxides by measuring the amount 
of iodine liberated in acid solutions. With the silver salts the process 
was essentially as follows: A weighed quantity of the chromate was dis- 
solved in weak ammonia, and the solution was precipitated with potas- 
sium iodide. After the silver iodide had been filtered off, five or six 
grammes of potassium iodide were added to the filtrate, which was then 
acidulated with phosphoric acid and a little sulphuric. The liberated 
iodine was then titrated with sodium thiosulphate solution, which had 
been standardized by means of pure iodine, prepared by Stas’ method. 
From the iodine thus measured the excessive oxygen was computed, and 
from that datum the atomic weight of chromium was found. For pres- 
ent purposes, however, the data may be used more directly, as giving the 
ratios I,: Ag,CrO, and I,: Ag,CrO,4NH,. Thus treated, the weights are 
as follows, reduced to a vacuum. Reckoning the salt as 100, the third 
column gives the percentage of iodine liberated : 


Ag,CroO,. UT SeLeiree. Percentage. 
.43838 .50251 114.628 
.90258 1.03432 114.595 
.89858 1.02980 114.603 


.89868 1.03072 114.693 





Mean, 114.630, + .O15 


tele 
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The next series, obviously, gives the ratio I, : Ag,CrO,.4NH,,. 


Ag,Cr0,.4NH,. I Set Free. Percentage.* 
54356 .51784 95.267 
-54856 .52046 94.877 
.54926 .52322 95.258 
-54906 -52376 95.392 
.54466 51910 95.307 
54530 .51891 95.150 





Mean, 95.208, + .0497 


In dealing with the two dichromates Meineke used the acid potassium 
iodate in place of potassium iodide, the chromate and the iodate reacting 
in the molecular ratio of 2:1. The thiosulphate was standardized by 
means of the acid iodate, so that we have direct ratios between the latter 
and the two chromates. The data are as follows, with the amount of 
iodate proportional to one hundred parts of the dichromate in the third 
column : 


/ 


UGEAGS, KH T,O;: Fercentage. 
.25090 . 16609 66.198 
. 25095 .16613 66.200 
.25078 . 16601 66.197 
-24979 .16541 66.220 
.24987 .16540 66.192 
.24966 .16543 66.262 
.25015 .16559 66.196 
.25012 .16559 66.204 
-24977 .16546 66.245 
-25034 .16572 66.198 
.25025 . 16567 66,202 
.25015 .16568 66,234 





Mean, 66.212, + .0044 


Am,Cr,0O,. IEW SOs Percentage. 
.21457 16584 77.290 
-21465 .16588 77.279 
.21464 .16584 77.2604 
.21416 .16543 77.246 
.21447 . 16564 Ve232 
.21427 .16559 77.281 
.22196 e752 Tie 2ye 
-22194 BS 77.278 
.22180 .17139 RAYE 





Mean, 77.268, + .0041 





* These figures are not wholly in accord with the percentages of oxygen computed by Meineke. 
I suspect that there is a misprint among his data as published, probably in the second experi- 
ment, but I cannot trace it with certainty. 
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The following ratios are now ayailable for computing the atomic weight 
of chromium : 


(1.) Percentage Cr,O, from Ag,CrO,, 22.934, -: .0018 

(2.) Percentage Cr,O, from Ag,Cr,O,, 35.236, + .0335 

(3.) 2AgCl : Ag,CrO, : : 100: 115.760, + .0069 

(4.) 2AgCl : Ag,Cr,O, : : 100 : 150.816, + .074 

(5.) 4AgCl : Cr,O, : : 100 : 26.620, + .0052 

(6.) Percentage Cr,O, in Cr,(SO,)3, 38.838, + .0087 

(7.) Percentage Cr,O, in AmCr(SO,),.12H,O, 16.143, + .0125 
(8.) BaSO,: BaCrO,:: 100 : 108.9815, + .0369 

(9.) BaCrO, : BaCl, : : 100: 81.702, + .014 
(10.) 3AgCl : CrCl, : : 100 : 36.842, + .0031 


(11.)) 2K CIO; 2 1K Gr, O72): 1002) 120,216, 4-).0235 

(12.) Percentage Cr,O, in Ag,CrO,.4NH,, 19.059, + .0074 
(13) 2AgCl : Ag,CrO,.4NH, :: 100 : 139.357, -- .1109 
(14.) Percentage Cr,O, in Am,Cr,O,, 60.337, - .0029 
(diss) wees CrO ie a oileesmnoor: SES: 

(16.) Ag,CrO,.4NH, : 31: : 100: 95.208, + .0497 

(17.) 2K,Cr,O, : KHI,O, : : 100 : 66.212, +- .0044 

(18.) 2Am,Cr,O, : KHI,O,: : 100 : 77.268, 3= .0041 


The antecedent values to use in the reduction are— 


OF 5S 79 N == 0008 S == 31.828, + .0015 
Ag == 107,108, == ).0035 IND SLOG, Se loi 
Cl = 35.179, +=-.0048 3a == 136.392, + .0086 
I =125.888, + .0069 Ag€l = 142.287, += .0037 
Ke 3858175) =) OOF 


For the molecular weight or Cr,O,, seven values are now calculable, as 
follows. 











Prom (@)ov. 2s Suan se metre ee Cr Oy — 15 bal20) O10 
Firomy(2) eran Aty amet sore teenae Siento se ORO 
Ero mit (5) Mararseeire ac Cee eee Se 5 15 Ope OL OO 
EKOUIG (GO) once oet noe: Foe ee iliiehsy ls Sealey 1 
From ae Ste (Simro EN EEE Ree eE BO SG ZENO, SE UZOS 
Bron (02) (css aly aces eo re: «c= 151.478, + .0606 
From (tf z Meds ave Ment eee ee ee UG Siig) Molo}, SE ONO 
Generaliincanhee eee Cr, O; = 151-229, == .0039 
For silver chromate there are two values— 
TOMS (Gabe tees rastaes Soota ceeatererstene Ave, €rO)— 320) 422) = OL05 
Eromi(i5))astemetos cette rene as = 329.464, -— .0467 
Generalimeanee nase Ag,CrO, = 329.430, + .o180 
And for the ammonio-chromate we hayve— ; 
From (r3)ierosisccrence Ag,C oe 4NH, = 396.574, + .3158 
Brom) (16) 2 eyo ena = 396.673, + .2082 
General mean.... Ag,CrO,.4NH, = 396.647, + .1738 
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BrOMny (Airdate yeiacts oases cee Ag,Cr,O, = 429.177, + .2109 
HirOm! (IO) eye ses <= eee CLel. = 157.266, + .O113 
PIOWM(RO)\e ene eey... +>, --- AM,Cr,O, —= 250,345" == O104 


For the molecular weights of K,Cr,O, and BaCrO, there are two esti- 
mates each, as given below: 








OWA s (UT) Bemretgee rte scat «fei oi K,Cr, 0; == 292/433, == .O18g 
ENLOUIR (C7) cece teh stare’ 6 0.< slo's a == 2025143) -=).0224: 
General@mecanaa aces ost K,Cr,O; = 292.31, += 0144 
LONI (COONS exes oases BaCrO, = 252.549, + .0966 
GONG (O)) eetamane perce etek ar Aone 66 == 2530544 O87 
Generalimeahionc ane a at BaCrO, = 252.985, + .0351 


Finally, from these molecular weights, eight independent values are 
obtained for the atomic weight of chromium : 


LOM re Oram Pelanehersrardic ee at solos 2. chet Cr = 51.796, += .0039 
Bom Aa Cr GV ahora Siena ale olny fae de << = 51-005; == -Olgr 
Bron As CrOp ea Nib nema selec ciel a= sis SS ele ae A 
ainomipAte, Crs Ores et letete esi A- SO Fie 04s == 1055 
rompams Cr, OF y tir ble ieiele csi (0 Teo SOM OOS5 
rome Ke Cre Ortaca. eee a orf ts a= Biro, a= Color 
Brome CrCl Sap eames erty phot tee rots s,s = Sie 20 Olas 
rombba CxO jee merce sie ec a < - ‘© — 53.077, + .0362 

Generalumeaneeramer eis ost seit Cr = 51.778, + .0032 


If O = 16, Cr = 52.172. 
Rejecting the last of the eight values, that from barium chromate, the 


mean becomes— 
Cr = 51.767, = .0032. 


Even this result is probably too high, for it includes ratios which are 
certainly erroneous, and which yet exert appreciable weight. From the 
ratios which are reasonably concordant a better mean is derivable, as 
follows: 


ROM CEs Aarts Se a 5 5 oe obia= SIA ie OOGs 
aE GOMES (2) ee nae eect eee ss © Bie Sr.c ats sss ‘AGT 734 OOnO 
IO Un (WL) reyes ereey eek cots als se C5 Ly 00055 
ROMA Amel US nis acc at na 5s os ‘S15 16096. -OLOk 
Bromy(A\Ryactrerccercae <5 cis e ese) 5 GOR SS OSS 
ROMY (LO) lepers may tee, ee svaince, evo ss vars © oe —— 51e 720 OLS 
TOM GO ae meeee cee rrci re one me clos & «¢ — 51.659, - .0085 
ELOY (18) aT Ge (147) ea arals = seas eye ee «¢ = 51.762, - .o102 
F Generaimessy 0. 8 28 tues Cr = 51.742, -+ .0034 


If O = 16, this becomes 52.136, a value which is probably not very 
far from the truth. 
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MOLYBDENUM. 


If we leave out of account the inaccurate determination made by 
Berzelius,* we shall find that the data for the atomic weight of molyb- 
denum lead to two independent estimates of its value—one near 92, the 
other near 96. The earlier results found by Berlin and by Svanberg and 
Struve lead to the lower number; the more recent investigations, to- 
gether with considerations based upon the periodic law, point conclu- 
sively to the higher. 

The earliest investigation which we need especially to consider is that 
of Svanberg and Struve.f These chemists tried a variety of different 
methods, but finally based their conclusions upon the two following: 
First, molybdenum trioxide was fused with potassium carbonate, and 
the carbon dioxide which was expelled was estimated ; secondly, molyb- 
denum disulphide was converted into the trioxide by roasting, and the 
ratio between the weights of the two substances was determined. 

By the first method it was found that 100 parts of MoO, will expel the 
following quantities of CO, : 

31.4954 
31.3749 
31.4705 





Mean, 31.4469, + .0248 


The carbon dioxide was determined simply from the loss of weight 
when the weighed quantities of trioxide and carbonate were fused to- 
gether. It is plain that if, under these circumstances, a little of the 
trioxide should be volatilized, the total loss of weight would be slightly 
increased. A constant error of this kind would tend to bring out the 
atomic weight of molybdenum too low. 

By the second method, the conversion by roasting of MoS, into MoO,, 
Svanberg and Struve obtained these results. Two samples of artificial 
disulphide were taken, A and B,and yielded for each hundred parts the 
following of trioxide : 

oe ie 
89.7291 
89.6436 | 
89.7082 | 
89.7660 | b, 
89.7640 
89.8635 | 





Mean, 89.7523, + -0176 


Three other experiments in series B gave divergent results, and, al- 
though published, are rejected by the authors themselves. Hence it 1s 


*Poggend. Annalen, 8,1. 1826 
+ Journ. fiir Prakt. Chem., 44, 301. 1848. 
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not necessary to cite them in this discussion. We again encounter in 
these figures the same source of constant error which apparently vitiates 
the preceding series, namely, the possible volatilization of the trioxide. 
Here, also, such an error would tend to reduce the atomic weight of 
molybdenum. 


MTOM menene OngSeHtesen. © 2a... civics cise Soave eueioere Mo = 91.25 
romp nes NOS RSELIeSer fies cin con sin ole eis nicierciaete Mo = 92.49 


Berlin,* a little later than Svanberg and Struve, determined the atomic 
weight of molybdenum by igniting a molybdate of ammonium and 
weighing the residual MoO,. Here, again, a loss of the latter by vola- 
tilization may (and probably does) lead to too low a result. The salt 
used was (NH,),Mo,0O,,.8H,O, and in it these percentages of MoO, were 
found : 


81.598 
81.612 
81.558 
81.555 





Mean, 81.581, + .0095 

Hence Mo = 91.559. 

Until 1859 the value 92 was generally accepted on the basis of the fore- 
going researches, but in this year Dumas } published some figures tend- 
ing to sustain a higher number. He prepared molybdenum trioxide 
by roasting the disulphide, and then reduced it to metal by ignition in 
hydrogen. At the beginning the hydrogen was allowed to act at a com- 
paratively low temperature, in order to avoid volatilization of trioxide; 
but at the end of the operation the heat was raised sufficiently to insure 
a complete reduction. From the weighings I calculate the percentages 
of metal in MoO, : 


.448 grm. MoO, gave .299 grm. Mo. 66.741 per cent. 
.484 af 323 ie 662720 
.484 of 22 sf 66.529 =“ 
498 oS 282) ns 66/6677 ne 
-559 x Se ee 66.726“ 
388 fe .258 ss 662405) 7 





Mean, 66.649, + .030 


In 1868 the same method was employed by Debray.{ His trioxide 
was purified by sublimation in a platinum tube. His percentages are 
as follows: 


5.514 grm. MoO, gave 3.667 grm. Mo. 66.503 per cent. 
7.910 ES 5.265 a Oss Gre eee 
9.031 os 6.015 a 66.604 ‘ 





Mean, 66.556, -++ .020 


* Journ. fiir Prakt. Chem., 49, 444. 1850. 
+Ann. Chem. Pharm., 105, 84, and 113, 23. 
t Compt. Rend., 66, 734. 
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For the same ratio we have also a single experiment by Rammelsberg,* 
who, closely following Dumas’ method, found in molybdenum trioxide 
66.708 per cent. of metal. As this figure falls within the limits of Dumas’ 
series, we may assign it equal weight with one experiment in the latter. 

Debray also made two experiments upon the precipitation of molyb- 
denum trioxide in ammoniacal solution by nitrate of silver. In his re- 
sults, as published, there is curious discrepancy, which, I have no doubt, 
is due to a typographical error. These results I am therefore compélled 
to leave out of consideration. They could not, however, exert a very 
profound influence upon the final discussion. 

In 1873, Lothar Meyer 7 discussed the analyses made by Liechti and 
Kemp { of four chlorides of molybdenum, and in the former edition of 
this work the same data were considered in detail. The analyses, how- 
ever, were not intended as determinations of atomic weight, and since 
good determinations have been more recently published, the work on 
the chlorides will be omitted from further consideration. It is enough 
to state here that they gave values for Mo ranging near 96, both above 
and below that number, with an extreme range of over eight-tenths of a 
unit. 

In 1898 the determinations by Smith and Maas appeared, § represent- 
ing an entirely new method. Sodium molybdate, purified by many re- 
crystallizations and afterwards dehydrated, was heated in a current of 
pure, dry, gaseous hydrochloric acid. The compound MoO,.2HCI was 
thus distilled off, and the sodium molybdate was quantitatively trans- 
formed into sodium chloride. The latter salt was afterwards carefully 
examined, and proved to be free from molybdenum. ‘The data, with all 
weights reduced to a vacuum standard, are subjoined : 


Na,Mo0,,. NaCl. Per cent. NaCl. 
1.14726 .65087 56.733 
.89920 .51023 56.743 
-705 34 -40020 56.739 
-70793 .40182 56.760 
1.26347 71695 56.745 
Tel 2 ley .65 367 56.734 
-9O199 .51188 56.750 
.81692 -46358 56.747 
.65098 . 36942 56.748 
-80563 45717 56.747 





Mean, 56.745, + .0017 


In 1895, Seubert and Pollard || determined the atomic weight of mo- 








* Berlin Monatsbericht, 1877, p. 574. 
+Ann,. Chem, Pharm., 169, 365. 1873. 
tAnn. Chem. Pharm., 169, 344. 

? Journ. Amer. Chem. Soc., 15, 397. 1893. 
|| Zeitsch. Anorg. Chem., 8, 434. 1895. 





t 
| 
| 
| 


MOLYBDENUM. 253 


lybdenum by two methods. First, the carefully purified trioxide, in 
weighed amounts, was dissolved in an excess of a standard solution of 
caustic soda. This solution was standardized by means of hydrochloric 
acid, which in turn had been standardized gravimetrically as silver 
chloride. Hence, indirectly, the ratio 2AgCl: MoO, was measured. Sul- 
phuric acid and lime water were also used in the titrations, so that the 
entire process was rather complicated. Ignoring the intermediate data, 
the end results, in weights of MoO, and AgCl, were as follows. The third 
column gives the MoO, proportional to 100 parts of AgCl: 


MoO. Ag Cl. Ratio. 
3.6002 7.1709 50. 206 
3-5925 7.1569 50.196 
3-731! 7-4304 50.214 
3.8668 7.7011 50.211 
3.9361 7.8407 50.201 
3.8986 7.7649 50.208 
3.9630 7.8941 50.202 
3-9554 7.8806 50.192 
3-9147 7-7999 50, 189 
3-85.43 7.6767 50.208 
3-9367 7-8437 50.190 





Mean, 50.202, + .0018 


The second method adopted by Seubert and Pollard was the old one 
of reducing the trioxide to metal by heating in a current of hydrogen. 
The weights and percentages of metal are subjoined : 


MoO. Mo. Per cent. 
1.8033 1.2021 66,661 
1.9345 1.1564 66.670 
3-9413 2.6275 60,666 
1.5241 1.0160 66,662 
4.0533 2.7027 66.679 





Mean, 66.668, -- .0022 


- 


This mean may be combined with the results of previous investigators, 
thus : 


DD) Th aS ee a renner c so cal Lene gees 66.649, + .0300 
1) Davy eT e ech oko here shoves Sas Ce elate 66.556, ++ .0200 
Vals DeLana tte tere cer si 2cseneteyess 66.708, + .0680 
Seubertrancdmeol land sy eemrrs cic oa arcsec. sasierets 66.668, + .0022 

Generalimican persia vee crete 66.665, + .0022 


Here the data of Seubert and Pollard alone exert any appreciable 
influence. 
Neglecting all determinations made previous to 1859, there are now 
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three ratios from which to compute the atomic weight of molybdenum, 
Viz: 

(1.) Percentage Mo in MoO,, 66.665, + .0022. 

(2.) 2AgCl : MoO, :: 100: 50.202, + .0018 

(3.) 2NaCl: Ma,MoO,: 56.745, + .0017: 100. 


These involve the following values: 


O =15.879, + .0003 AgCl = 142.287, + .0037 
Na = 22.881, + .0046 NaCl — 58.060, + .0017 
Hence for the atomic weight in question— 
OME (GU) rac. et sse eiee Mate eter ee Meee Mo = 95.267, + .0072 
HE rOmy|(D))) yricet sie eter eseereeN erates ons ‘= 95.225. 0004! 
Boromte((B) Ayers fete oe ed teres ehavetow para even 6S == 052357 == O20 
General meaner ere Mo = 95.259, -E .0045 


With O= 16, Mo= 95.985. 

This value is essentially that derived from Seubert and Pollard’s data 
alone. Reducing the latter to a vacuum would affect the result very 
slightly—so slightly that the correction may be ignored. 


TUNGSTEN. 255 


TUNGSTEN. 


The atomic weight of tungsten has been determined from analyses ot 
the trioxide, the hexchloride, and the tungstates of iron, silver, and 
barium. 

The composition of the trioxide has been the subject of many inyvesti- 
gations. Malaguti* reduced this substance to the blue oxide, and from 
the difference between the weights of the two compounds obtained a 
result now known to be considerably too high. In general, however, 
the method of investigation has been to reduce WO, to W in a stream 
of hydrogen at a white heat, and afterwards to reoxidize the metal, thus 
getting from one sample of material two results for the percentage of 
tungsten. This method is probably accurate, provided that the trioxide 
used be pure. ; 

The first experiments which we need consider are, as usual, those of 
Berzelius.t 899 parts WO, gave, on reduction, 716 of metal. 676 of 
metal, reoxidized, gave 846 WO,. Hence these percentages of W in 
a0, 


79.644, by reduction. 
79.905, by oxidation, 





Mean, 79.7745, - .0880 


These figures are far too high, the error being undoubtedly due to the 
presence of alkaline impurity in the trioxide employed. 

Next in order of time comes the work of Schneider, { who with char- 
acteristic carefulness, took every precaution to get pure material. His 
percentages of tungsten are as follows: 


Reduction Series. 


79-336 
79-254 
79.312 
79.326 
79.350 : 





Mean, 79.3156 


Oxidation Series. 
79-329 
79.324 
79.328 





Mean, 79.327 
Mean of all, 79.320, + .0068 
* Journ. fir Prakt. Chem., 8,179. 1836. 
+ Poggend. Annalen, 8,1. 1825. 
t Journ, fiir Prakt. Chem., 50, 152. 1850. 
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Closely agreeing with these figures are those of Marchand,* published 


in the following year: 
Reduction Series. 
79.307 
79-302 





Mean, 79.3045 


Oxidation Series. 


79.321 
79.352 





Mean, 79.3365 
Mean of all, 79.3205, + .0073 


The figures obtained by v. Borch f agree in mean tolerably well with 
the foregoing. They are as follows: 
Reduction Series. 


79.310 
79.212 
79.289 
79-313 
79.225 
79.290 
79.302 





Mean, 79.277 


Oxidation Series. 


79-359 
79-339 





Mean, 79.349 
Mean of all, 79.293, + .0108 


Dumas { gives only a reduction series, based upon trioxide obtained 
by the ignition of a pure ammonium tungstate. The reduction was 
effected in a porcelain boat, platinum being objectionable on account of 
the tendency of tungsten to alloy with it. Dumas publishes only 
weighings, from which I have calculated the percentages : 


2.784 grm. WO, gave 2.208 grm, W. 79.310 per cent, 
2.994. ce 2378 ce 79.259 ce 
4.600 se BEOAO ais: 7.Oe32 00 atic 
.985 “ .781 ““c 79.289 ce 
0)i7/ ss BoP lgp 7Os250 
.917 es 172 She ie Tones) 
D7, af 3 ODI 795324 
2.988 es Dey SG ORB Tie oe 





Mean, 79.312, + .009 


* Ann. Chem. Pharm., 77, 261. 1851. 
t+ Journ. fiir Prakt. Chem., 54, 254. 1851. 
ft Ann. Chem. Pharm., 113, 23. 1860. 
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The data furnished by Bernoulli* differ widely from those just given. 
This chemist undoubtedly worked with impure material, the trioxide 
having a greenish tinge. Hence the results are too high. Theseare the 
percentages of W: 

Reduction Series. 
79.556 
79-526 
79-553 
79.558 
79.549 
78.736 





Mean, 79.413 


Oxidation Series. 
79-558 
79.656 
79-555 
79-554 





Mean, 79.581 
Mean of all, 79.480, +- .056 


Two reduction experiments by Persoz f give the following results : 


1.7999 grm. WO, gave 1.4274 grm. W. 79.304 per cent, 
2.249 6 1.784 ¢ 79-324 “ 





Mean, 79.314, + .007 


Next in order is the work done by Roscoe.{ This chemist used a 
porcelain boat and tube, and made six weighings, after successive reduc- 
tions and oxidations, with the same sample of 7.884 grammes of trioxide. 
These weighings give me the following five percentages, which, for the 
sake of uniformity with foregoing series, | have classified under the 
usual, separate headings : 


Reduction Series. 
79.196 
79.285 
79.308 





Mean, 79.263 


Oxidation Series. 


79.230 
19)299 





Mean, 79.2645 
Mean of all, 79.264, + .0146 





* Poggend. Annalen, III, 573. 1860. . 
+ Zeit. Anal. Chem., 3, 260. 1864. 
t Ann. Chem. Pharm., 162, 368. 1872. 
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In Waddell’s experiments * especial precautions were taken to pro- 
cure tungstic oxide free from silica and molybdenum. Such oxide, 
elaborately purified, was reduced in hydrogen, with the following results : 


1.4006 grm, WO, gave 1.1115 W. 79.359 per cent. 
-9900 x -7855 “ 79.343“ 
1.1479 a -QIIo ‘ 7.978 O02 
9894 a 7947 792921 

4.5639 sf 3.0201): WOugeo 





79.339, + .0069 


The investigation by Pennington and Smith f started from the sup- 
position that the tungsten compounds studied by their predecessors had 
not been completely freed from molybdenum. Accordingly, tungstic 
oxide, carefully freed from all other impurities, was heated in a stream 
of gaseous hydrochloric acid, so as to volatilize all molybdenum as the 
compound MoO,.2HCl. The residual WO,, was then reduced in pure 
hydrogen, and the tungsten so obtained was oxidized in porcelain 
crucibles. Care was taken to exclude reducing gases, and the trioxide 
was finally cooled in vacuum desiccators over sulphuric acid. The oxida- 
tion data are as follows, with the usual percentage column added. The 
weights are reduced to a vacuum: 


Tungsten. Oxygen Gained. fercentage. 
.862871 .223952 79.394 
.650700 .168900 79.392 
597654 155143 79-390 
.666820 .173103 79.391 
.428228 . 111168 79.390 
.671920 .174406 79.392 
-§90220 -153193 79-394 
- 568654 147588 79.394 

1.080973 . 280600 79.392 





Mean, 79.392, -— .0004 


With O = 16, this series gives W = 184.92. 

The very high value for tungsten found by Pennington and Smith, 
nearly a unit higher than that which was commonly accepted, seems to 
have at once attracted the attention of Schneider,t who criticised the 
paper somewhat fully, and gave some new determinations of his own. 
The tungsten trioxide employed in this new investigation was heated in 
gaseous hydrochloric acid, and the absence of molybdenum was proved. 
The data obtained, both by reduction and by oxidation, are as follows: 





*Am. Chem. Journ., 8, 280. 1886. 
+ Read before the Amer. Philos. Soc., Nov. 2, 1894. 
t Journ. fir Prakt. Chem. (2), 53, 288. 1896. 
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Reduction Series. 


2.0738 grm. WO, gave 1.6450 W. 79.323 per cent. 
4.0853 i. 3.2400 * 79-309“ 
6.1547 : 4.83811 “ 79.307) in 


Oxidation Series. 


1.5253 grm. W gave 1.9232 WO,. 79.311 per cent, 
3.1938 = 4.0273 “ 79.304 * 
4.7468 ri 5.9848 “ 79-3049 be 





Mean of all, 79.311, + .0018 


Hence with O = 16, W = 184.007. 

In order to account for the difference between this result and that of 
Pennington and Smith, an impurity of molybdenum trioxide amounting 
to about one per cent. would be necessary. Schneider suggests that the 
quantities of material used by Pennington and Smith were too small, and 
that there may have been mechanical loss of small particles during the 
long heatings. Such losses would tend to raise the atomic weight com- 
puted from the experiments. On the other hand, the losses could hardly 
have been uniform in extent, and the extremely low probable error of 
Pennington and Smith’s series renders Schneider's supposition improb- 
able. The error, if error exists, must be accounted for otherwise. 

Since Schneider’s paper appeared, another set of determinations by 
Shinn * has been published from Smith’s laboratory. Attempts to verify 
the results obtained by Smith and Desi having proved abortive, and other 
experiments having failed, Shinn resorted to the oxidation method and 
gives the subjoined data. The percentage column is added by myself: 


.22297 grm, W gave .28090 WO,, 79.377 
. 17200 ss 221004) ie 79-394 
. 10989 a .13844 “ 79.377 
. 10005 ‘ S25 OS i. 79.417 





Mean, 79.391, - .0066 


This figure is very close to that found in Pennington and Smith’s series, 
and therefore serves as a confirmation. The discordance between these 
results and Schneider’s is still to be explained. 

There are still other experiments by Riche,f which I have not been 
able to get in detail. They cannot be of any value, however, for they 
give to tungsten an atomic weight of about ten units too low. We may 
therefore neglect this series, and go on to combine the others : 








IBELZe LIS Mme Rami aet no ces afew oe o 79.7745, -— .0880 
Sannensksy, ‘WNW. 56 ceed neetoos ene nos 79.320, — .0068 
Virinehia in cpee em eesparleys cater eaten ss avchsds cererae 79.3205, -+ .0073 
VA OG Letter nets ay oh af itor al aval hye cin Sess orale 79.293, - .0108 
TOUIMaS ae cette are aces SO Mst ates al cen Terence 79.312, <= .0090 

* Doctoral thesis., University of Pennsylvania, 1896. ‘‘ The atomic mass of tungsten.” 


7 Journ. fiir Prakt. Chem., 69, 10. 1857. 
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Bernowllis Mise eee eee on ae eee 79.480, - .0560 
BersoZ 82s chsvsncete Set atale Ae Cl Eee 79-314, + .0070 
ROS... 5 ge Paes Se eee 79.204, -- .0146 
Waddell... ce een scan oer 79.339, -.0069 
: Penninetonyandesmithiyreneeeenee sone SEBO, B= (alo 
Schneidereio9 Olean eee Putra 79.311, = .0018 
Shinn Ss AA ee had Cais ee ee 79.391, - .0066 
General-meanv..- ee aoe E 79.388, - .00039 


Here the work of Pennington and Smith vastly outweighs everything 
else; and if their supposition as to the presence of molybdenum in all 
the previous investigations is correct, this result is to be accepted. 

The rejection of the figures given by Berzelius and by Bernoulli would 
exert an unimportant influence upon the final result. There is, there- 
fore, no practical objection to retaining them in the discussion. 

In 1861 Scheibler* deduced the atomic weight of tungsten from 
analyses of barium metatungstate, BaO.4WO,.9H,O. In four experi- 
ments he estimated the barium as sulphate, getting closely concordant 
results, which were, however, very far too low. These, therefore, are re- 
jected. But from the percentage of water in the salt a better result was 
attained. The percentages of water are as follows: 

13.053 

3.054 
13.045 
13.010 
13,022 


Mean, 13.0368, + .0060 





The work of Zettnow,+ published in 1867, was somewhat more com- 
plicated than any of the foregoing researches. He prepared the pure 
tungstates of silver and of iron, and from their composition determined 
the atomic weight of tungsten. 

In the case of the iron salt the method of working was this: The 
pure, artificial FeWO, was fused with sodium carbonate, the resulting 
sodium tungstate was extracted by water, and the thoroughly washed, 
residual ferric oxide was dissolved in hydrochloric acid. This solution 
was then reduced by zine, and titrated for iron with potassium perman- 
ganate. Corrections were applied for the drop in excess of perman- 
ganate needed to produce distinct reddening, and for the iron contained 
in the zinc. 11.956 grammes of the latter metal contained iron corre- 
sponding to 0.6 cc. of the standard solution. The permanganate was 
standardized by comparison with pure ammonium-ferrous sulphate, 
Am,Fe(SO,),.6H,0, so that, in point of fact, Zettnow establishes directly 
only the ratio between that salt and the ferrous tungstate. From Zett 
now's four experiments in standardizing I find that 1 ec. of his solution 





* Journ. fiir Prakt. Chem., 83, 324. 
| Poggend. Annalen, 130, 30. 
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corresponds to 0.0365457 gramme of the double sulphate, with a prob- 
able error of + .OQO00012. 

Three sets of titrations were made. In the first a quantity of ferrous 
tungstate was treated according to the process given above; the iron 
solution was diluted to 500 cc., and four titrations made upon 100 ce. at 
atime. The second set was like the first, except that three titrations 
were made with 100 cc. each, and a fourth upon 150 cc. In the third 
set the iron solution was diluted to 300 cc., and only two titrations upon 
100 cc. each were made. In sets one and two thirty grammes of zinc 
were used for the reduction of each, while in number three but twenty 
erammes were taken. Zettnow’s figures, as given by him, are quite com- 
plicated ; therefore I have reduced them to a common standard. After 
applying all corrections the following quantities of tungstate, in grammes, 
correspond to 1 cc. of permanganate solution : 


.028301 | 
seen First set. 
.02831T | 
.028301 J 
028367 
.028368 | 
.028367 
.028367 | 

oes \ Third set. 
.028438 - 


Mean, .0283549, -+_ .OOOOII5 


- Second set. 





With the silver tungstate, Ag,WO,, Zettnow employed two methods. 
In two experiments the substance was decomposed by nitric acid, and 
the silver thus taken into solution was titrated with standard sodium 
chloride. In three others the tungstate was treated directly with com- 
mon salt, and the residual silver chloride collected and weighed. Here 
again, on account of some complexity in Zettnow’s figures, I am com- 
pelled to reduce his data to a common standard. To 100 parts of AgCl 
the following quantities of Ag, WO, correspond: 


By First Method. 
161.665 


161,603 


Mean, 161.634, + .021 





By Second Method. 
161.687 
161.651 
161.613 


Mean, 161.650, + .o14 
General mean from both series, 161.645, + .012 
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For tungsten hexchloride we have two analyses by Roscoe, published 
in the same paper with his results upon the trioxide. In one experi- 
ment the chlorine was determined as AgCl; in the other the chloride 
was reduced by hydrogen, and the residual tungsten estimated. By 
bringing both results into one form of expression we have for the per- 
centage of chlorine in WC], :* 


53.588 
53.632 





Mean, 53.610, + .Oo15 


The work done by Smith and Desi tf probably ought to be considered 
in connection with that of Pennington and Smith on the trioxide. 
Smith and Desi started with tungsten trioxide, freed from molybdenum 
by means of gaseous hydrochloric acid. This material was reduced in 
a stream of carefully purified hydrogen, and the water formed was col- 
lected in a calcium chloride tube and weighed. To the results found I 
add the percentage of water obtained from 100 parts of WO,. Vacuum 
weights are given. 


WO. FO. Per cent. H,O. 
.983024 22834 23.228 
.998424 .23189 23.226 

1.008074. -23409 2an22K 
.911974 .21184 23.229 
-997974 .23179 23.226 

1.007024 -23389 23.226 





Mean, 23.226, + .0008 


There are now six ratios from which to calculate the atomic weight of 
tungsten : 


(1.) Percentage of W in WO,, 79.388, + .00039 

(2.) Percentage of H,O in BaO.4WO,.9H,O, 13.0368, + .0060 

(3.) WO, : 3H,O : : 100 : 23.226, + .0008 

(4.) Am,Fe(SO,),.6H,O : FeWO, : : .0365457, + .o00o0012 : .0283549, + .OOOOII5 
(5.) 2AgCl : Ag,WO,:: 100: 161.645, + .o12 

(6.) Percentage of Cl in WCl,, 53.610, + .o15 


These are reduced with— 


Oy = 15879), == -0003 S = TROZ ON = OONS 
Ag = 107.108, + .003I Ba = 136.392, + .0086 
Qh 953 5-179) =) 0048 eR 5525 O71 0028 
INP =) 13-985, =) 0021 AgCl = 142.287, + .0037 





* The actual figures are as follows: 
19.5700 grm. WCl, gave 42.4127 grm. AgCl. 
10.4326 ss 4.8374 grm. tungsten. 
+ Read before Amer. Philos. Soc., Nov. 2, 1894. 
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Hence there are six values for the atomic weight of tungsten, as follows: 


NGM CT) Waa te aes ods .oe cb gps W = 183.485, + .0051 
IGOMA (02) epee ete crac laces siarceihh ciate . * = 182,638, + .1248 
OMI (3) RpMeyeteyS cee ats piss Seo ¥ facets “« — 783 298, + .0088 
OMS (4) eenseuseteteals tea a rs) «1910180 es Sg rs TIGR. Se WAI 
ea coy re (pee beck 2 eee ‘* — 182,268, + .0663 
LUGO (©) ereyete ornare isi creseiae eelbyeys “¢ — 182,647, + .0820 

(Generalameaiuer re cee seas . W = 183.429, + .0044 


If O= 16, W = 184.827. The rejection of all values except the first 
and third raises the mean by 0.009; that is, four of the ratios count for 
almost nothing, and the work done in Smith’s laboratory dominates all 
the rest. The questions raised by Schneider in his latest determination, 
however, are not yet answered, and farther investigation is required in 
order to fully establish the true atomic weight of tungsten. 


URANIUM. 


The earlier attempts to determine the atomic weight of uranium were 
all vitiated by the erroneous supposition that the uranous oxide was 
really the metal. The supposition, of course, does not affect the weigh- 
ings and analytical data which were obtained, although these, from their 
discordance with each other and with later and better results, have now 
only a historical value. 

For present purposes the determinations made by Berzelius,* by Arf- 
vedson,f and by Marchand { may be left quite out of account. Berzelius 
employed various methods, while the others relied upon estimating the 
percentage of oxygen lost upon the reduction of U,O, to UO,. Rammels- 
berg’s § results also, although very suggestive, need no full discussion. 
He analyzed the green chloride, UCI,; effected the synthesis of uranyl 
sulphate from uranous oxide; determined the amount of residue left 
upon the ignition of the sodio and bario-uranic acetates; estimated the 
quantity of magnesium uranate formed from a known weight of UO,, 
and attempted also to fix the ratio between the green and the black 
oxides. His figures vary so widely that they could count for little in 
the establishing of any general mean; and, moreover, they lead to esti- 
mates of the atomic weight which are mostly below the true value. For 
instance, twelve lots of U,O, from several different sources were reduced 
to UO, by heating in hydrogen. The percentages of loss varied from 3.83 
to 4.67, the mean being 4.121. These figures give values for the atomic 





* Schweigg. Journ., 22, 336. 1818. Poggend. Annalen, 1,359. 1825. 

+ Poggend. Annalen, 1, 245. Berz. Jahr., 3, 120. 1822. 

{ Journ. fiir Prakt. Chem., 23, 497. 1841. 

2 Poggend. Annalen, 55, 318, 1842; 56, 125, 1842; 59, 9, 1843; 66, 91, 1845. Journ. fiir Prakt. Chem., 
29, 324. 
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weight of uranium ranging from 184.33 to 234.05, or, in mean, 214.53. 
Such discordance is due partly to impurity in some of the material 
studied, and illustrates the difficulties inherent in the problem to be 
solved. Some of the uranoso-uranic oxide was prepared by calcining the 
oxalate, and retained an admixture of carbon. Many such points were 
worked up by Rammelsberg with much care, so that his papers should 
be scrupulously studied by any chemist who contemplates a redetermi- 
nation of the atomic weight of uranium. 

In 1841 and 1842 Peligot published certain papers * showing that the 
atomic weight of uranium must be somewhere near 240. <A few years 
qater the same chemist published fuller data concerning the constant in 
luestion, but in the time intervening between his earlier and his final 
researches other determinations were made by Ebelmen and by Wer- 
theim. These investigations we may properly discuss in chronological 
order. For present purposes the early work of Peligot may be dismissed 
as only preliminary in character. It showed that what had been pre- 
viously regarded as metallic uranium was in reality an oxide, but gave 
figures for the atomic weight of the metal which were merely approxi- 
mations. 

Ebelmen’s} determinations of the atomic weight of uranium were 
based upon analyses of uranic oxalate. This salt was dried at 100°, 
and then, in weighed amount, ignited in hydrogen. The residual ura- 
nous oxide was weighed, and in some cases converted into U,O, by heating 
in oxygen. The following weights are reduced to a vacuum standard: 

10.1644 grm. oxalate gave 7.2939 grm. UO,,. 


12.9985 as 9.3312 i Gain on oxidation, .3685 
11,8007 me 8.4690 “ os 3275 
9.9923 a Tel oC a .2812 
11.0887 oH 7.9610 a os 3105 
10.0830 is 7.2389 rs 

6.7940 oe 4.8766 “s 

16.0594 we 11.5290 es * -4531 


Reducing these figures to percentages, we may present the results in 
two columns. Column A gives the percentages of UO, in the oxalate, 
while B represents the amount of U,O, formed from 100 parts of UO,: 


An? B. 
TUNG QAM bY Maes een We gett WR sar, A yc: 
71.787 103.949 
71.767 103.867 
71.621 103.920 
71.794 103.900 
71.793 Boe cet 
FETT ON GA Nae A et ens cane te Se ee 
71.790 103 930 








Mean, 71.782 


) 


+ .019 Mean, 103.913, -- .009 





*Compt. Rend., 12, 735. 1841. Ann. Chim. Phys. (3), 55. 1842. 
} Journ. fiir Prakt. Chem., 27, 385. 1842. 
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Wertheim’s* experiments were even simpler in character than those 
of Ebelmen. Sodio-uranic acetate, carefully dried at 200°, was ignited, 
- leaving the following percentages of sodium uranate : 


67.51508 
67.54558 
67.50927 


Mean, 67.52331, + .0076 





The final results of Peligot’s + investigations appeared in 1846. Both 
the oxalate and the acetate of uranium were studied and subjected to 
combustion analysis. The oxalate was scrupulously purified by repeated 
crystallizations, and thirteen analyses, representing different fractions, 
were made. Seven of these gave imperfect results, due to incomplete 
purification of the material; six only, from the later crystallizations, 
need to be considered. In these the uranium was weighed as U,O,, and 
the carbon as CO,. From the ratio between the CO, and U,O, the atomic 
weight of uranium may be calculated without involving any error due 
to traces of moisture possibly present in the oxalate. I subjoin Peligot’s 
weighings, and give, in the third column, the U,O, proportional to 100 
parts of CO,: 


GOx, OOF ; Ratio. 
1.456 grm. 4.649 grm. 319.299 
1300)" O° AAT nce 322.279 
25200) 0s TeOSAu 320.688 
TeOUQua cs Ae7e) OG 321.786 
1.069 “ Sta) 322.461 
10520 Spetsyoy Ut 322.148 





Mean, 321.443, + .338 


From the acetate, UO,(C,H,O,),.2H,O, the following percentages of 
U,O, were obtained : 


5.061 grm, acetate gave 3.354 grm. U,O,. 66.2715 per cent. 
4.601 ve 3.057 ui 667442 1 
1.869 sf 1,238 sc 66722505 
3.817 ss 2.541 fe G05 O0n mma: 
10,182 i 6.757 os 66.3622 “ 
4.393 = 2.920 3 66.4694“ 
2.868 uc 1.897 ea GOst4S 7 





Mean, 66.3569, + .038 


The acetate also yielded the subjoined percentages of carbon and of 
water. Assuming that the figures for carbon were calculated from known 





* Journ. fiir Prakt. Chem., 29, 209. 1843. 
+ Compt. Rend., 22, 487. 1846. 
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weights of dioxide, with C =12 and O = 16, I have added a third column, 
in which the carbon percentages are converted into percentages of CO, : 








E40} GC. CO; 
21.60 Tl 27, 41.323 
21,16 . 11.30 41.433 
21.10 TeT3 O 41.433 
21.20 11.10 40.700 
Mean, 21.265, +.187 Mean, 11.24 Mean, 41.222, + .092 


From these data we get the following values for the molecular weight 
of uranyl] acetate: 


From) percentage ol UL@.- eer ses + «oe 423.183, + .4781 
Bromypercentaperor OOnne tanita 423.842, + .9462 
Bromypercentage otek, © sansemnt ee eer aer. 420.386, + 2.9033 

Generalemeanseen eee 423-257-4222 


In the posthumous paper of Zimmermann, edited by Kriiss and Alibe- 
goff,* the atomic weight of uranium is determined by two methods. 
First, UO,, prepared by several methods, is converted into U,O, by heat- 
ing in oxygen. To begin with, U,O, was prepared, and reduced to UO, 
by ignition in hydrogen. When the reduction takes place at moderate 
temperatures, the UO, is somewhat pyrophoric, but if the operation is 
performed over the blast lamp this difficulty is avoided. After weighing 
the UO,, the oxidation is effected, and the gain in weight observed. The 
preliminary U,O, was derived from the following sources: A, from ura- 
nium tetroxide; B, from the oxalate; C, from uranyl nitrate; D, by 


precipitation with mercuric oxide. The full data, lettered as indicated 
above, are subjoined : 





UO). (OHO. Per cent. of Gain. 

8.9363 9.2872 3.927 
A. 7.9659 8.2789 3.929 
12.4385 12.9270 3.927 
12.8855 13.3913 3.925 
B. 4 5.7089 5-933! 3-927 
_ 9.6270 10.0051 3.928 
é (ere 13.7036 3.929 
~~ ( 9-9973 10.3901 3-929 
. § 15.8996 16.5242 3.928 
ell 7.4326 7.7245 3.927 

Mean, 3.9276, + .0003 

Ebelmen found, 3.913, = .009 


General mean, 3.9276, + .0003 


In short, Ebelmen’s mean vanishes when combined with Zimmer- 
mann’s. 


* Ann. d. Chem., 232, 299. 1886. 
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Zimmermann’s second method was essentially that of Wertheim, 
namely, the ignition of the double acetate UO,(C,H,O,),.NaC,H,0O,, the 


residue being sodium uranate, Na,U,0O,. 





Double Acetate. Uranate. Per cent. Uranate. 
4.272984 2.886696 67.557 ° 
5.272094 3-560770 67.540 
2.912283 1.967428 67.556 
3.181571 2.149309 67.555 

Mean, 67.552, + .0027 
Wertheim found, 67.523, + .0076 
General mean, 67.549, + .0025 


All the data for uranium now sum up thus: 


(1.) Per cent, UO, from uranyl oxalate, 71.782, ++ .o19 


(2) ACOK 3 WOK Ss 


100 : 321.443, + .338 


(3.) Molecular weight of uranyl acetate, 423.842, + .4222 


(2) 3U0; U0, =: 


100 : 103.9276, -+ .0003 


(5.) Per cent, Na,U,O, from UO,.Na(C,H,O,)s, 67.549, - .0025 





Computing with O = 15.879, + .0003; C = 11.920, + .0004, and Na = 


22.881, + .0046, we have— 


1S Fa est et oe ee 
SESSA (22) eee clea Rey teh res Hotne vs .n5¥c) sr 


Biromi(3)erae =r: 
Brom (4)ig..oecess ts 62: 


PROMS) Fey tenets eae ten Ghe cietele meee us: <akeveta 


Generallomeanina sce e onc he. 


tO 16, -U = 239.586. 


In this case Zimmermann’s data control the final result. 


2 U== 235-048) = 1938 

(= 228.402) = 2053 

—— 236. 541 == 4229 

. “ == 237.770, + .0055 

. ‘ = 237.902, + .0283 

U = 237.774, + .0054 
All the other 


‘determinations might be rejected without appreciable effect. 
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SELENIUM. 


The atomic weight of this element was first determined by Berzelius,* 
who, saturating 100 parts of selenium with chlorine, found that 179 of 
chloride were produced. Further on these figures will be combined with 
similar results by Dumas. 

We may omit, as unimportant for present purposes, the analyses of 
alkaline selenates made by Mitscherlich and Nitzsch. ft and pass on to 
the experiments published by Sacc [ in 1847. This chemist resorted to 
a variety of methods, some of which gave good results, while others were 
unsatisfactory. First, he sought to establish the exact composition of 
SeO,, both by synthesis and by analysis. The former plan, according to 
which he oxidized pure selenium by nitric acid, gave poor results; better 
figures were obtained upon reducing SeO, with ammonium bisulphite 
and hydrochloric acid, and determining the percentage of selenium set 
free: 


.6800 grm, SeO, gave .4828 grm. Se. 71,000 per cent. 
3.5227 wo 215 O17 ea 7 el 2 acne 
4.4870 3 30030) a alent 





Mean, 71.088, + .03 


In a similar manner Sace also reduced barium selenite, and weighed 
the resulting mixture of barium sulphate and free selenium. This pro- 
cess gave discordant results, and a better method was found in calcining 
BaSeQO, with sulphuric acid, and estimating the resulting quantity of 
BaSO,.. In the third column I give the amounts of BaSO, equivalent to 
100 of BaSeO, : 


-5573 grm. BaSeO, gave .4929 grm. BaSQ,. 88.444 
9942 cs .8797 og 88.383 
.2351 oS .2080 ef 88.473 
.9747 ms .8621 ge 88.448 





Mean, 88.437, - .013 


Still other experiments were made with the selenites of silver and lead ; 
but the figures were subject to such errors that they need no further dis- 
cussion here. 

A few years after Sace’s work was published, Erdmann and Marchand 
made with their usual care a series of experiments upon the atomic 
weight under consideration.§ They analyzed pure mercuric selenide, 
which had been repeatedly sublimed and was well crystallized. Their 


* Poggend. Annalen, 8,1. 1826. 

+ Poggend. Annalen, 9, 623. 1827. 

t Ann, d. Chim. et d. Phys. (3), 21, 119. 
2 Jour. fir Prakt. Chem., 55, 202. 1852. 
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method of manipulation has already been described in the chapter upon 
mercury. These percentages of Hg in HgSe were found : 

71.726 

71.731 

71.741 





Mean, 71.7327, + .003 


The next determinations were made by Dumas,* who returned to the 
original method of Berzelius. Pure selenium was converted by dry 
chlorine into SeCl,, and from the gain in weight the ratio between Se 
and Cl was easily deducible. I include Berzelius’ single experiment, 
which I have already cited, and give in a third column the quantity of 
chlorine absorbed by 100 parts of selenium: 


1.709 grm, Se absorb 3.049 grm. Cl. 178.409 
1.810 oe yee) wt 177.845 
1.679 “e guooey, | 0 178.856 
1.498 ss 2ROS Sauce 179.439 
1.944 5 BeA0o Le 178.395 
1.887 ‘c B23820 179.226 
1.935 is S52) 178.398 


179.000—Berzelius. 





Mean, 178.696, -+ .125 


The question may here be properly asked, whether it would be possi- 
ble thus to form SeCl,, and be certain of its absolute purity? A trace of 
oxychloride, if simultaneously formed, would increase the apparent 
atomic weight of selenium. In point of fact, this method gives a higher 
value for Se than any of the other processes which have been adopted, 
and that value has the largest probable error of any one in the entire 
series. A glance at the table which summarizes the discussion at the 
end of this chapter will render this point sufficiently clear. 

Still later. Ekman and Pettersson + investigated several methods for 
the determination of this atomic weight, and finally decided upon the 
two following : 

First, pure silver selenite, Ag,SeO, was ignited, leaving behind metallic 
silver, which, however, sometimes retained minute traces of selenium. 
The data obtained were as follows : 


Ag,SeOs. Ag. Per cent. Ag. 
5.2102 3.2787 62.93 
5.9721 3-7597 62.95 
7.2741 4.5803 62.97 
7.5390 4.7450 62.94 
6.9250 4.3612 62.98 
7.3455 4.6260 62.98 
6.9878 4.3992 62.95 





Mean, 62.957, + .005 





* Ann. Chem. Pharm., 113, 32. 1860. 
+ Ber. d. Deutsch. Chem. Gesell., 9, 1210. 1876. Published in detail by the society at Upsala. 
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Secondly, a warm aqueous solution of selenious acid was mixed with 


HCl, and reduced by a current of SO,,. 


upon a glass filter, dried, and weighed. 


SeO,. Se. Per cent. Se. 
11,1760 7-9573 71.199 
11.2453 8.0053 71.185 
24.4729 17.4232 71.193 
20 8444 14.8383 71.187 
31.6913 "22,5600 71.191 





Mean, 71.191, 
Sacc found, 71.088, 


a 
a5 


The reduced Se was collected 


.OO16 
.0320 


General mean, 71.1907, + .0016 


There are now five series of figures from which to deduce the atomic 
weight of selenium : 


(1.) Per cent, of Se in SeO,, 71.1907, -+ .o016 


(2.) BaSeO, : BaSO,: : 100 : 88.437, - .013 


(3.) Per cent. of Hg in Hgse, 71.7327, + .003 


(4.) Se: Cl, : : 100: 178,696, 4- 125 


(5.) Per cent, of Ag in Ag,SeO,, 62.957, + .005 


From these, computing with— 


0 = 
‘Ag 
Cl 


15.879, + .0003 Sie Iss 2on 
107,108, + .0031 Ba = 136.392, 
35.179, + .0048 Hg — 198.491, 


five values for Se are calculable, as follows: 


OTIS (1s) Sew ceaces Sees ete ae ape a r Se = 78.477, 
Brom (2) 8st octet oe ; 778,006; 
Fromyli(3))\ Biv aae na eee ee tio eae Se ORO TUTE 
Eromi(4) ues iapenaee eae nee enim te = 7.847140) 
Hromny(§)teseeicaeee ee ern ieee i == 78.405; 

Generalimeane ase Se = 78.419, 


If O = 16, this becomes Se = 79.016. 


heli sir 


ie heat Iheelie 
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.OO15 
.0086 
.0083, 


.0049 
.0410 
-0095 
.O561 
.O201 


.0042 
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TELLURIUM. 


Particular interest attaches to the atomic weight of tellurium on ac- 
count of its relations to the periodic law. According to that law, tellurium 
should lie between antimony and iodine, having an atomic weight greater 
than 120 and less than 126. Theoretically, Mendelejeff assigns it a value 
of Te = 125, but all of the best determinations lead to a mean number 
higher than is admissible under the currently accepted hypotheses. 
Whether theory or experiment is at fault remains to be discovered. 

The first, and for many years the only, determinations of the constant 
in question were made by Berzelius.* By means of nitric acid he oxi- 
dized tellurium to the dioxide, and from the increase in weight deduced 
a value for the metal. He published only his final results, from which, 
if O = 100, Te = 802.121. The three separate experiments give Te = 
801.74, 801.786, and 802.838, whence we can calculate the following per- 
centages of metal in the dioxide: 

80.057 
80,036 
80,034 





Mean, 80.042, -+ .005 


The next determinations were made by von Hauer,f who resorted to 
the analysis of the well crystallized double salt TeBr,2KBr. In this 
compound the bromine was estimated as silver bromide, the values 
assumed for Ag and Br being respectively 108.1 and 80. Recalculating, 
with our newer atomic weights for the above-named elements, we get 
from von Hauer’s analyses, for 100 parts of the salt, the quantities of AgBr 
which are put in the third column: 


2.000 grm. K,TeBr, gave 69.946 per cent. Br. 164.460 
6.668 < 69.8443 ef 164.221 
2.934 a 69.9113,“ 164.379 
3.607 se 70.0163 as 164.626 
1,000 cs 69.901 es 164.355 





Mean, 164.408, + .045 


From Berzelius’ series we may calculate Te = 127.366, and from von 
Hauer’s Te = 126.454. Dumas, by a method for which he gives abso- 
lutely no particulars, found Te = 129. 

In 1879, with direct reference to Mendelejeff’s theory, the subject of 
the atomic weight of tellurium was taken up by Wills.§ ‘The methods 





* Poggend. Annalen, 28, 395. 1833. 

+ Sitzungsb. Wien Akad., 25, 142. 

jy Ann. Chim. Phys. (3), 55, 129. 1859. 
¢ Journ. Chem. Soc., Oct., 1879, p. 704. 
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of Berzelius and von Hauer were employed, with various rigid precau- 
tions in the way of testing balance and weights, and to ensure purity of 
material. In the first series of experiments tellurium was oxidized by 
nitric acid to form TeO,. The results gave figures ranging from Te= 


125.64 to 128.66: 


2.21613 grm, ae gave 2.77612 grm. TeQ,. 79.828 per cent, Te. 
1.45313 1.81542 ss 80.044 « 
2.67093 s 3.33838 ce 80,007 a 
4 77828 os 5-95748 =“ 80, 207 ie 
2.65029 x 33163l a 79.989 a 





Mean, 80.015, + .041 


In the second series tellurium was oxidized by aqua regia to TeO,, with 
results varying from Te = 127.10 to 127.82: 





2.85011 grm. Te gave 3.56158 grm. TeO,. 80.024 per cent. Te. 
3.09673 os 3.86897 es 80.040 oe 
5.09365 os 6.36612 es 80.012 as 
3.26604 “ 4.08064 a : 80.037 &e 
Mean, 80.028, + .004 


By von Hauer’s process, the analysis of TeBr,.2K Br, Will’s figures give 
results ranging from Te = 125.40 to 126.94. Reduced to a common 
standard, 100 parts. of the salt yield the quantities of AgBr given in the 


third column : 


1.70073 grm. K, g LEB ts gave 2.80499 grm. AgBr. 164.349 
1.75225 2.88072 es 164.398 
2.06938 rf 3740739" 164.657 
3.29794 % 5.43228 ‘s 164.717 
2.46545 APO57A2) 164.571 





Mean, 164.538, + .048 


Combined with von Hauer’s mean, 164.408, ++ .045, this gives a general 
mean of 164.468, + .033.- Hence Te = 126.502. 

The next determinations in order of time were those of Brauner.* 
This chemist tried various unsuccessful methods for determining the 
atomic weight of tellurium, among them being the synthetic preparation 
" of silver, copper, and gold tellurides, and the basic sulphate, Te,SO,. 
None of these methods gave sufficiently concordant results, and they 
were therefore abandoned. The oxidation of tellurium to dioxide by 
means of nitric acid was also unsatisfactory, but a series of oxidations 
with aqua regia gave data as follows. The third column contains the 
percentage of tellurium in the dioxide: 


* Journ. Chem. Soc., 55, 382. 1889. 
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He: TeO,. Rer cent. Te. 
2.3092 2.QOOI 79.625 
2.8153 3.5332 79.681 
.4.0176 5.0347 79.798 
3.1613 3.9685 79.660 
.8399 1.0526 79-793 





Mean, 79.711, + .0239 
Hence Te = 124.709. 


In a single analysis of the dioxide, by reduction with SO,, 2.5489 
grammes TeO, gave 2.0374 of metal. If we give this experiment the 
weight of one observation in the synthetic series, the percentage of tel- 
lurium found by it becomes— 


79-932, = .0534. 
Hence Te = 126.494. 


Brauner’s best results were obtained from analyses of tellurium tetra- 
bromide, prepared from pure tellurium and pure bromine, and after- 
wards sublimed ina vacuum. This compound was titrated with standard 
solutions of silver, and three series of experiments, made with samples 
of bromide of different origin, gave results as follows. The TeBr, equiva- 
lent to 100 parts of silver appears in the third column: 


First Series. 
TEBE Aa Ratio. 
2.14365 2.06844 103.636 
1.76744 1.70531 103.643 
1.47655 1.42477 103.634 
1.23354 1.19019 103.642 


Second Series. 


TeBr,. Ag. Ratio. 
3.07912 2.97064 103.651 
5.47446 5.28157 103.652 
3-30927 3.19313 103:637 
7.26981 7.01414 103.645 
3-52077 3.39667 103.654 


Third Series. 


Ne Be: Ag,. Ratio. 
2.35650 2.27363 103.645 
1.51931 1.46564 103.062 
1.43985 1.38942 103.630 





Mean of all as one series, 103.644, + .oo18 


18 
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Hence Te = 126.668, + .0290. <A reduction of the weighings to a 
vacuum raises this by 0.07 to 126.738. 

Still another series of analyses, made with fractionated material, gave 
values for tellurium running up to as high as 137. These experiments 
led Brauner to believe that he had found in tellurium a higher homo- 
logue of that element, a view which he has since abandoned.* Brauner 
also made a series of analyses of tellurium dibromide, but the results 
were unsatisfactory. : 

In the series of determinations by Gooch and Howland f an alkaline 
solution of tellurium dioxide was oxidized by means of standard solu- 
tions of potassium permanganate. This was added in excess, the excess 
being measured, after acidification with sulphuric acid, by back titration 
with oxalic acid and permanganate. Two series are given, varying in 
detail, but for present purposes they may be treated as one. The ratio 
TeO,:O:: 100: is given in the third column. 


TeO, Taken. O Required. Ratio. 
. 1200 .O1202 10.017 
.0783 .00785 10.026 
.093 .00940 10,097 
. 1100 -O1LIQ 10.149 
-0904 -00909 10.055 
.1065 .O1078 10,122 
.Og10 .00915 10 055 
.Og1O .00910 10.000 
-OQII .00924 10.143 
.09T3 .O09T5 10.022 
.0gI2 .00915 10,033 


.0914 -00923 10,098 
Mean, 10,068, + .o100 
Hence Te = 125.96. 


In Staudenmaier’s ¢ determinations of the atomic weight of tellurium, 
crystallized telluric acid, H,feO,; was the starting point. By- careful 
heating in a glass bulb this compound can be reduced to TeO,, and by 
heating in hydrogen, to metal. In the latter case finely divided silver was 
added to prevent volatilization of tellurium. The telluric acid was frae- 
tionally crystallized, but the different fractions gave fairly constant results. 
I therefore group Staudenmaier’s data so as to bring them into series 
more suitable for the present discussion. 





* Journ. Chem. Soc., 67, 549. 1895. 

+Amer. Journ. Sci., 58, 375. 1894. Some misprints in the original publication have been kindly 
corrected by Professor Gooch; hence the differences between these data and the figures formerly 
given. 

t Zeitsch. Anorg. Chem., 10, 189. 1895. 
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First. H,TeO, to TeO,. 


Hi, Té0,. Loss in Weight. Per cent. TeQ,. 
1.7218 .5260 69.451 
2.8402 .8676 69.453 
4.0998 1.2528 69.442 
3.0916 -9450 69.433 
1.1138 3405 69.429 
4.9843 1.5236 69.432 
4.6716 1.4278 69.437 





Mean, 69.440, + .0024 


Hence Te = 126.209. 
Second. H,TeO, to Te. 


ek IRIOP Loss in Weight. Per cent. Te. 
1.2299 5471 55-517 
1.0175 -4526 55.518 
2.5946 1.1549 55.488 





Mean, 55.508, + .0068 


Hence Te = 126.303. 
Staudenmaier also gives four reductions of TeO, to Te, in presence of 
finely divided silver. The data are as follows: 


TeO,. Loss in Weight. Fer cent. Te. 
9171 1839 79.948 
I 9721 3951 79.966 
2.4115 -4835 79 950 
1.0172 2041 79.935 





Mean, 79.950, + .0043 


Hence Te = 126.636. 
The last series, giving the percentage of tellurium in the dioxide, com- 
bines with previous series thus: 


IBELZelIMShey awry ee n eel sonst) Sysielec aie haltees 80,042, + .0050 
Vill See fins PySCLVESI ca -wey-aeyarelesc\ ake ec 1G, 3 osiayets nate 80.015, + .0410 
NWaliswSecondksenleStryaicys cece eles sueres aioe 80.028, = .0040 
BLAM eraeSyNtMestSmpa menace ste tis site ale ie 79.711, + .0239 
Bratne rmamallySiSseraeweeiys ots 6, of. roles ots uses 79.932, + .0534 
Stall @eninal eter apesearnsriccrs © oe crocs) scape wicks 79.950, + .0043 

(Generalamednierereicyes cieleeic ce. seers 80.001, + .0025 


The very recent determinations byChikashigé* were made by Brauner’s 
method, giving the ratio between silver and TeBr,. In all essential par- 
ticulars the work resembles that of Brauner, except that the tellurium, 





* Journ, Chem. Soc., 69, 881. 1896. 
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instead of being extracted from metallic tellurides, was derived from 
Japanese native sulphur, in which it exists as an impurity. ‘This differ- 
ence of origin in the material studied gives the chief interest to the 
investigation. The data are as follows: 





TeBr,. Ag. Ratio. 
4.1812 4.0348 103.628 
4.3059 4.1547 103.639 
4.5929 4.4319 103.633 

Mean, 103.633, -- .0023 

Brauner found, 103.644, + .oo18 

General mean, 103.640, + .0O014 


Now, to sum up, the subjoined ratios are available for computing the 
atomic weight of tellurium : 


) Percentage Te in TeO,, 80.001, + .0025 

) Percentage Te in HgTeO,, 55.508, + .0068 

) Percentage TceO, in H,TeO,, 64.440, + .0024 
) Ag,: TeBr, : : 100 : 103.640, + .0014 

) K,TeBr, : 6AgBr : : 100 : 164.468, + .0330 

) MeO;/; © 34160). 10:065;-2- Force 





To reduce these ratios we have 


O = 15.879, + .0003 Ke == 38. Oly7. ==) COST 
Ag = 107,108, + .0031 AgBr = 186,452, + .0054 
Br = 79.344, + .0062 


For the atomic weight of tellurium six values appear, as follows: 


From aE) 5,2 -.paseserrketeenysatever dele este Te — 127.040; == {0105 
BOM (4). oe ctecskees cust es naps eens: sie ss = 126.650. += .0302 
irom (15) ieesianckeveesyayeichereeohers teeters at ‘ — 126.502, + .1430 
Hiromi(2) echo chores misnomer sac ee or Og ne O240 
Bromma (Snes eicets scerereree ene sees cencere << = 126.209, + .0138 
ByOm {(G)iscp2jeleteveqotoreorateremeedets state sk ess Si == 25 OOO n= = alls 7/1 

Generalmeattasee serene Te = 126.523, += .0092 


If O==]16; Te = 127.487. 

A careful consideration of the foregoing figures, and of the experi- 
mental methods by which they were obtained, will show that they are 
not absolutely conclusive with regard to the place of tellurium under 
the periodic law. The atomic weight of iodine, calculated in a previous 
chapter, is 125.888. Wills’ values for Te, rejecting his first series as rela- 
tively unimportant, range from 125.40 to 127.52; that is, some of them 
fall below the atomic weight of iodine, although none descend quite to 
the 125 assumed by Mendelejeff. 

Some of Brauner’s data fall even lower; and the same thing is true in 


FLUORINE. Zk 


Gooch and Howland’s series, of which the mean gives Te = 125.96, a 
value very little above that of iodine. 

In considering the experimental methods, reference may properly be 
made to the controversy regarding the atomic weight of antimony. It 
will be seen that Dexter, estimating the latter constant by the conver- 
sion of the metal into Sb,O,, obtained a value approximately of Sb = 122. 
Dumas, working with SbCl,, obtained nearly the same value. Schneider 
and Cooke, on the other hand, have established an atomic weight for 
antimony near 120, and Cooke in particular has traced out the constant 
errors which lurked unsuspected in the work of Dumas. Now in their 
physical aspects tellurium and antimony are quite similar. The oxida- 
tion of tellurium to dioxide resembles in many particulars that of anti- 
mony, and may lead to error in the same way. In each of the six tel- 
lurium ratios there is still uncertainty, and a positive measurement, free 
from objections, of the constant in question is yet to be made. 


FLUORINE. 


The atomic weight of fluorine has been chiefly determined by one 
general method, namely, by the conversion of fluorides into sulphates. 
The work of Christensen, however, is on different lines. Excluding the 
early results of Davy,* we have to consider first the experiments of 
Berzelius, Louyet, Dumas, De Luca, and Moissan with reference to the 
fluorides of calcium, sodium, potassium, barium, and lead. 

The ratio between calcium fluoride and sulphate has been determined 
by the five investigators above named, and by one general process. The 
fluoride is treated with strong sulphuric acid, the resulting sulphate is 
ignited, and the product weighed. In order to insure complete trans- 
formation special precautions are necessary, such, for instance, as re- 
peated treatment with sulphuric acid, and so on. For details like these 
the original papers must be consulted. 

The first experiments in chronological order are those of Berzelius,t 
who operated upon an artificial calcium fluoride. He found, in three 
experiments, for one part of fluoride the following of sulphate: 


1.749 
1.750 
1.751 


Mean, 1.750, + .0004 


Louyet’s researches | were much more elaborate than the foregoing. 
He began with a remarkably concordant series of results upon fluor spar, 





* Phil. Trans., 1814, 64. 
7 Poggend. Annalen, 8,1. 1826. 
tAnn, Chim. Phys. (3), 25, 300. 1849. 
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in which one gramme of the fluoride yielded from 1.734 to 1.737 of sul- 
phate. At first he regarded these as accurate, but he soon found that 
particles of spar had been coated with sulphate, and had therefore 
escaped action. In the following series this source of error was guarded 
against. 3 

Starting with fluor spar, Louyet found of sulphate as follows: 


a 1.742 
1.744 
1.745 
1.744 
1.7435 
1.7435 





Mean, 1.7437, + .0003 


A second series, upon artificial fluoride, gave: 


1.743 
1.741 
1.741 





Mean, 1.7417, -- .0004 
Dumas * published but one result for calcium fluoride. .495 grm. gave 
.864 grm. sulphate, the ratio being 1 : 1.7455. 
De Luca + worked with a very pure fluor spar, and published the fol- 
lowing results. The ratio between CaSO, and one gramme of CaF, is 
given in the third column: 


-9305 grm. CaF, gave 1.630 grm. CaSQ,. 1.7518 
.836 i 1.459 = 1.7452 
502 * 487/550) BS 1.7440 
-3985 + SOOAI5 es Rat 1.7428 


If we include Dumas’ single result with these, we get a mean of 
1.7459, + .0011. 

Moissan ¢ unfortunately gives. no details nor weighings, but merely 
states that four experiments with calcium fluoride gave values for F rang- 
ing from 19.02 to 19.08. ToS he assigned the value 82.074, and probably 
Ca was taken as = 40. With these data his extreme values as given 
may be calculated back into uniformity with the ratio as stated above, 
becoming— 


1.7444 
1.7410 





Mean, 1.7427 





* Ann. Chem. Pharm., 113, 28. 1860. 
+ Compt. Rend., 51, 299. 1860. 
t Compt. Rend, 111, 570. 1890. 
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If we assign this equal weight with Berzelius’ series, the data for this 
ratio combine thus: 


SNAG UUs Pee eB 2x he! 6 a) ni x, Seep Sistene diag setie 1.7500, + ,0004 
Louyet, first series ..... Shetek ysis SEA eee ee 1.7437, + .0003 
WOU CtseSCCONGESEMES Ha iss «c/a c/2 erie jee ete: 1.7417, + .0004 
De Wnea with Dumas... oss sce os 1.7459, - .OOI! 
NORRIS... cigtiice SOMO ieee ear eer 1.7427, - .0004 
Generalemean ee teys geo <1, cree 1.7444, + .oo018 


For the ratio between the two sodium salts we have experiments by 
Dumas, Louyet, and Moissan. According to Louyet, one gramme of 
NaF gives of Na,SO,— 

1.686 
1.683 
1.685 





Mean, 1.6847, + .0006 


The weighings published by Dumas are as follows: 


.777 grm. NaF give 1.312 grm. Na,SQ,. Ratio, 1.689 
£937 « 2.930 a3 6 1.687 


Mean, 1.688, ++ .0007 


Moissan says only that five experiments with sodium fluoride gave 
F = 19.04 to 19.08. This was calculated with Na = 23.05 and S = 82.074. 
Hence, reckoning backward, the two values give for the standard ratio— 


1.6889 
1.6873 





Mean, 1.6881 


Giving this equal weight with Dumas’ mean, we have— 


1.6847, + .0006 


NEG TY C iewpeeey eee cose) sais <a sits aloes ates 

HD) EAS epee tear wt ciens Spats, Sigs statnye. lees 1.688, -+ .0007 

IMIGISSAD EE NR aise cis sleet cis Se ee 1.6881, + .0007 
Gencralsmeannn ete cs20 sic ssct-eyaeeisrs 1.6867, + .00038 


Dumas also gives experiments upon potassium fluoride. The quantity 
of sulphate formed from one gramme of fluoride is given in the last 


column: 


1.483 grm. KF give 2.225 grm. K,SO,. I, 5002 
I. 309 a 1.961 es 1.4981 





Mean, 1.4991, + .0007 


The ratio between barium fluoride and barium sulphate was measured 
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by Louyet and Moissan. According to Louyet, one gramme of BaF, 
gives of BaSO,— 

1,332 

1.331 

330 





Mean, 1.331, + .0004 


Moissan, in five experiments, found F = 19.05 to 19.09. Assuming 
that he put Ba = 1357, and S = 32.074 as before, these two extremes 
become— 

ogi 
T. 3305 





Mean, 1.3308 


Giving this equal weight with Louyet’s mean, we get the subjoined 
combination : 


[Couyel saute aayeeciec oe RP Mert tera: Sieh ote ty tae yee Tegolee =. OOH! 
MISSA Si hoger tinue ere ereeicre situeberameacres 1.3308, + .0004 
Ceneralimeanneer eee itr eee 1.3309, - .00028 


The experiments with lead fluoride are due to Louyet, and a new 
method of treatment was adopted. The salt was fused, powdered, dis- 
solved in nitric acid, and precipitated by dilute sulphuric acid. The 
evaporation of the fluid and the ignition of the sulphate was then effected 
without transfer. Five grammes of fluoride were taken in each opera- 
tion, yielding of sulphate: 


6.179 
6.178 
6.178 





Mean, 6,1783, + .0002 


In Christensen’s determinations* we find a method adopted which is 
radically unlike anything in the work of his predecessors. He started 
out with the salt (NH,),MnF, When this is added to a mixture, in 
solution, of potassium iodide and hydrochloric acid, iodine is set free, 
and may be titrated with sodium thiosulphate. One molecule of the 
salt (as written above), liberates one atom of iodine. In four experi- 
ments Christensen obtained the following data: 


3.1199 grm. Am,MnF, gave 2.12748 I. 68.191 per cent. 
3.9190 Se 2.67020 ‘< GSaeiGe no 
3.5005 ss 2.38429 Gate a nes 
W272i a BOOM ONas Geminis Of 





Mean, 68.156, + .0128 





* Journ. fiir Prakt. Chem. (2), 35, 541. Christensen assigns to the salt double the formula here 
given. 
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The ratios from which to compute the atomic weight of fluorine are 
now— 
(1.) CaF, : CaSO, : : 1.0: 1.7444, + .00018 
(2.) 2NaF : Na,SO,:: 1.0: 1.6867, + .00038 


(3-) 2KF : K,SO, : : 1.0: 1.4991, - .0007 
(4.) BaF, : BaSO,:: 1.0: 1.3309, + .00028 
(5.) PbF, : PbSO, : :'5.0: 6.1783, -- .0002 
(6.) Am,MnF,: I: : 100: 68,156, + .0128 
To reduce them we have— 
O = 15.879, += .0003 = a8 Si7aa= 005k 
Se" oil 525) = 0015 Ca = 39.764, + .0045 
N =} 13.935, - .0o21 " Ba = 136,392), s= .cos6 
1 T1259585..— -0009 Pb = 205.358, + .0040 
Na= 22,881, + .0046 Mn= 54.571, + .0013 
And the values derived for fluorine are as follows: 
LOM UME atrocious oo. stern es F = 18.844, + .0048 
Bo Ong (62) Peter tee oe Mer creday 3s atheists “ — 18.948, + .0108 
OMe (Bee wsteer ceuyahepe tenes Skee Re ee « — 78,877, + .0276 
EGG Tra (AN eens ee ein Ahemscctoions © biisiscevsone ces “ — 18.869, + .0192 
roma (tS) es ee me Rn ON koma ree “<= 18.997, += .0047 
EIKO MM (GO) eee ete scissors te ei bene sore St NONS 53 et OO//3 
Generalimeane. = 223 .fhscae ees Jel == IS ON(7}, = -fO,0P-10) 


Pee — 16, b= 19056. 

In all probability these values for fluorine average a trifle too high. 
It is difficult to be certain that a fluoride has been completely converted 
into sulphate, and an incomplete conversion tends to raise the apparent 
atomic weight of fluorine. This possible source of error exists in all of 
the ratios except the last one, but the fair concordance of the results 
obtained seems to indicate that the uncertainty cannot be very large. 
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MANGANESE. 


The earliest experiments of Berzelius* and of Arfvedson} gave values 
for Mn ranging between 56 and 57, and therefore need no farther con- 
sideration here. The first determinations to be noticed are those of 
Turner { and a later measurement by Berzelius.§ who both determined 
gravimetrically the ratio between the chlorides of manganese and silver. 
The manganese chloride was fused in a current of dry hydrochloric acid, 
and afterwards precipitated with a silver solution. I give the MnCl, 
equivalent to 100 parts of AgCl in the third column: 


4.20775 grm. MnCl, = 9.575 .grm. AgCl. 43.945 \ Perens 
3.063 ee = 6.96912 ve 43-950 
12.47 grains MnCl, — 28.42 grains AgCl. 43.878—Turner. 





Mean, 43.924, + .O15 





Many years later Dumas || also made the chloride of manganese the 
starting point of some atomic weight determinations. The salt was fused 
ina current of hydrochloric acid, and afterwards titrated with a standard 
solution of silver inthe usual way. One hundred parts of Ag are equiva- 
lent to the quantities of MnCl, given in the third column: 


3-3672 grni. MnCl, = 5.774 grm. Ag. 58.317 
3.0872 ss 5.293 eC 58.326 
2.9671 se EROS7i5) aos 58.321 
1.1244 ss 1.928 ss 58.320 
Toles re 2,251 ae 58.321 





Mean, 58.321, + .oo| 


An entirely different method of investigation was followed by von 
Hauer,] who, as in the case of cadmium, ignited the sulphate in a stream 
of sulphuretted hydrogen, and determined the quantity of sulphide thus 
formed. I subjoin his weighings, and also the percentage of MnS in 
MnsO, as calculated from them : 


4.0626 grm, MnSQ, gave 2.3425 grm. MnS, 57.660 per cent. 
4.9367 ot 2.8442 ‘4 B72Og, 
5.2372 - 3.0192 57-649“ 
7-0047 . 4.0347 ne 57.600“ 
4.9175 Sane 2.8297“ S7-54o a 
4.8546 By 237955 0 B75 oo ai ae 
4.9978 of 2.8799“ 570257 
4 6737 a 2.6934 9“ 57.629“ 
4.7240 *. 27 LOT eee STS eines 





Mean, 57.608, ++ .008 


*Poggend. Annalen, 8, 185. 1826. 

+ Berz. Jahresbericht, 9, 136. 1829. 

{ Trans. Roy. Soc. Edinb., 11, 143. 1831. 
2 Lehrbuch, 5 Aufl., 3. 1224. 

| Ann. Chem. Pharm., 113, 25. 1860. 

q Journ. flr Prakt, Chem., 72, 360. 1857. 
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This method of von Hauer, which seemed to give good results with 
cadmium, is, according to Schneider,* inapplicable to manganese, for the 
reason that the sulphide of the latter metal is liable to be contaminated 
with traces of oxysulphide. Such an impurity would bring the atomic 
weight out too high. The results of two different processes, one carried 
out by himself and the other in his laboratory by Rawack, are given by 
Schneider in this paper. 

Rawack reduced manganoso-manganic oxide to manganous oxide by 
ignition in a stream of hydrogen, and weighed the water thus formed. 
From his weighings I get the values in the third column, which repre- 
sent the Mn,O, equivalent to one gramme of water: 


4.149 grm, Mn,O, gave 0.330 grm. H,O. 12.5727 
4.649 a Rone 12.5643 
6.8865 as RAO ets 12.5552 
7.356 es SOG ie ase 12.5636 
8.9445 e MESS cst rk 12.5361 
11.584 Hi .9225 «s 12.5572 





Mean, 12.5582, + .0034 

Here the most obvious source of error lies in the possible loss of water. 
Such a loss, however, would increase the apparent atomic weight of 
manganese; but we see that the value found is much lower than that 
obtained either by Dumas or von Hauer. 

Schneider himself effected the combustion of manganous oxalate with 
oxide of copper. The salt was not absolutely dry, so that it was neces- 
sary to collect both water and carbon dioxide. ‘Then, upon deducting 
the weight of water from that of the original material, the weight of 
anhydrous oxalate was easily ascertained. Subtracting from this the 
CO,, we get the weight of Mn. If we put CO, = 100, the quantities of 
manganese equivalent to it will be found in the last column: 


1.5075 grm, oxalate gave .306 grm, H,O and .7445 grm. CO,. 61.3835 


2.253 vs +4555 5 Vatn35 se 61.4291 
3-1935 ~ .652 UL 1.5745 ae 61.4163 
5.073 fe 1.028 os 2.507 os 61.3482 





Mean, 61.3943, + .O122 


Up to this point the data give two distinct values for Mn—one near 
54, the other approximately 55—and with no sure guide to preference 
between them. The higher value, however, has been confirmed by later 
testimony. 

In 1883 Dewar and Scott + published the results of their work upon 
silver permanganate. This salt is easily obtained pure by recrystalliza- 
tion, and has the decided advantage of not being hygroscopic. Two sets 





* Poggend, Annalen, 107, 605. 
} Proc. Roy. Soc., 35, 44. 1883. 
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of experiments were made. First, the silver permanganate was heated 
to redness in a glass bulb, first in air, then in hydrogen. Before weigh- 
ing, the latter gas was replaced by nitrogen. The data are as follows: 


Ag Mn0O,. Ag+ MnO. Fer cent. Ag + MnO. 
5.5696 4.63212 78.917 
5.4988 4.33591 78.852 
7.6735 6.05395 78.894 
13.10147 10, 31815 78.756 
12.5799 9.91065 78.782 
9.91435 78.811 





Mean, 78.835, -- .0174 


The duplication of the last weighing is not explained. 

In the second series the permanganate was dissolved in dilute nitric 
acid, reduced by sulphur dioxide, potassium nitrite,.or sodium formate, 
and titrated with potassium bromide. The AgMnO, equivalent to 100 
KBr appears in the third column. 


Ag Mn0,. KBr. Ratio. 
6.5289 3.42385 190.686 
7-5378 3-9553 190.575 
6, 1008 3.20166 190.559 
5.74647 3.00677 191.117 
6.16593 3.23602 190,540 
5.11329 2.6828 190.596 
5-07438 2.66204 190,624 

13.4484 7.05602 190.604. 
12.5799 6.60065 190.588 
12.27025 6.43808 


Vacuum weights are given throughout. 


190.584 





Mean, 190.647, + .0361 


To the first series of experi- 


ments the authors attach little importance, and numbers 1 and 4 of the 
second series they also regard as questionable. These experiments rep- 
resent the use of sulphur dioxide as the reducing agent, and were attended 
by the formation of an insoluble residue, apparently of a sulphide. Ex- 
cluding them, the remaining eight experiments of the second series give 
in mean— 


KBr : AgMnO, : : 100 : 190.584, + .0062, 


which will be used for the present calculation. Dewar and Scott also 
made determinations with manganese chloride and bromide. With the 
first salt they found Mn = 54.91, and with the second, Mn = 54.97; but 
they give no details. 

Marignac’s work upon the atomic weight of manganese also appeared 
in 1883.* He prepared the oxide, MnO, by ignition of the oxalate and 





*Arch. Sci. Phys. et Nat. (3), 10, 21. 1883. 
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subsequent reduction of the resulting Mn,O, in hydrogen. The oxide, 
with various precautions, was then converted into sulphate. The per- 
centage of MnO in MnS0O, is appended : 


2.6587 grm. MnO gave 5.6530 MnSO,. 47-032 per cent. 
2.5185 es astereoy it 40:08 7ae aes 
2.5992 Bee295 St AT OG» os 
2.8883 e OSTA'5O Ny eo 477 0020s se 





Mean, 47.007, + .0025 


J. M. Weeren, in 1890,* published determinations made by two meth- 
ods, the one Marignac’s, the other von Hauer’s. From manganese sul- 
phate he threw down the hydrated peroxide electrolytically,and the latter 
compound was then reduced in hydrogen which had been proved to be 
free from oxygen. The resulting monoxide was cooled in a stream of 
purified nitrogen. After the oxide had been treated with sulphuric acid, 
converted into sulphate, and weighed, a few drops of sulphuric acid and 
a little sulphurous acid were added to it, after which it was reheated and 
weighed again. This process was repeated until four successive weigh- 
ings absolutely agreed. The results of this set of experiments were as 
follows, with vacuum standards: 


15.2349 grm. MnO gave 32.4142 MnSQ,. 47.005 per cent. 
13.9686 os 2Oe7S0% |<" ATROOAN ES 
3-7471 29.2493“ 47.000 “ 
15.5222 es 33-0240) 47.001 os 
14.9824 ss BIO 755m fo A72 002s 
14.6784 . Bil2so4y | AT{OOO Nn) ast 





Mean, 47.002, + .0006 


Marignac’s mean, combined with this, hardly affects either the per- 
centage itself or its probable error. Fortunately, both Marignac and 
Weeren are completely in agreement as to the ratio, and either set of 
measurements would be valid without the other. In order, therefore, to 
give Marignac’s work some proper recognition, we can assume a general 
mean of 47.004, + .0006, without danger of serious error. 

The manganese sulphate produced in the foregoing series of experi- 
ments was used, with many precautions, for the next series carried out 
by von Hauer’s method. It was transferred to a porcelain boat, dried at 
260° to avoid errors due to retention of water taken up in the process of 
transfer, and then heated to constant weight in a stream of hydrogen 
sulphide. Before weighing, the sulphide was heated to redness in hy- 
drogen and cooled in the same gas. The results, with vacuum weights, 
were as follows: 








* Atom-Gewichtsbestimmung des Mangans. Inaugural Dissertation, Halle, 1890. 
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16,0029 grm. 


16.3191 - 9.4048 ‘‘ 57-631 
15.9307 os 9.1817“ 57-634 
15.8441 oe O.rsls) 57.634 
16.2783 pf 9.3819 ‘ 57-635 
17.0874 s 9.8477. “ 57-633 





Mean, 57.633, 
von Hauer found, 57.608, 


Hence the general. mean is identical with Weeren’s 


se 
= 


MnSO, gave 9.2228 MnS = 57.632 per cent. 


ce 


.0004 
.0080 


to the third deci- 


mal place, which is unaffected by combination with von Hauer’s data. 
We have now to consider the following ratios for manganese: 


(1.) 2AgCl : MnCl, :: 100: 41.924, + .0150 

(2:) 2A > Mn€l> =): 100) 3/58) 321, 370010 

3.) HO): Min, O,.2 2.100 °:'1255:62, E7340 

(4.) 2CO,: Mn:: 100: 61.3943, + .o122 

(5.) AgMnO, : Ag + MnO:: 100: 78.835, + .0174 

(6.) KBr: AgMnO, : : 100: 190,584, + .0062 

(7-) MnSO,: MnO: : 100 : 47.004, -- .0006 

(8.) MnSO,: MnS: : 100: 57.633, + .0004 

Computing with the subjoined preliminary data— 

O: = 15.879, == .0005 Ke f= 385807. == 005 
Ag = 107.108, + .0031 gc == INO Z0 == OOOH! 
Cll SS" SE 1Gfe), Se (routs) S EO O20. =e OO 
Bre 70ss44 = 0002 Ag] = 142.287, += .0037 


these ratios reduce as follows: 


First, for the molecular weight of manganese chloride, two values are 





deducible. 
Krom (D)).ce. i.e teen oe eee ae MnCl, = 124.996, + .0428 
Fromy((2)hiteina cies cqoshai ternary: Sp e— 024° OR sr 0042 A 
Generalimeaniere eerie MnCl, = 124.934, + .0042 


Hence Mn = 54.576, + .0075. 
For manganese there are seven independent values, 


From molecular weight MnCl,........Mn = 54.576, 
Firma (3))ivstetues ease en etet etme teenie a —=ih 4007 
Bromy (4!) vacacts sc cetacean ere tee Sy AORes 
Hr Oni a(S) eins ieee Chee Mier merrenets 54.450. 
Horn (G))erararcserstererersererctetere cite oneketeteyers pu SANG OR 
iro my((7)) Weveratons rotcrahs tele sncisiererse toner one Pi AsO Olli. 
HONS) averse teieteraioteer ste se etctae) shettcpeiane SASS 5 

Generalomeanaier. arctic Mn = 54.571, 


If O = 16, this becomes Mn = 54.987. 


as follows: 


.0075 
.0203 
.O107 
Aros Tor 
.0173 
.0018 
.0022 


Ue tear ete ae 


Ir 


.0013 


In this case five of the separate values are well in accord, and the re- 
jection of the two aberrant values, which have high probable errors, is 
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not necessary. Their influence is imperceptible. Weeren’s marvelously 
concordant data seem to receive undue weight, but they are abundantly 
confirmed by the evidence of other experimenters. In short, the atomic 
weight of manganese appears to be quite well determined. 


IRON. 


The atomic weight of iron has been mainly determined from the com- 
position of ferric oxide, with some rather scanty data relative to other 
compounds. 

Most of the earlier data relative to the percentage of metal and oxygen 
in ferric oxide we may reject at once, as set aside by. later investigations. 
Among this no longer valuable material there is a series of experiments 
by Berzelius, another by Dobereiner, and a third by Capitaine. The 
work done by Stromeyer and by Wackenroder was probably good, but 
I am unable to find its details. The former found 30.15 per cent. of 
oxygen in the oxide under consideration, while Wackenroder obtained 
figures ranging from a minimum of 30.01 to a maximum of 80.88 per 
cent.* 

In 1844 Berzelius + published two determinations of the ratio in ques- 
tion. He oxidized iron by means of nitric acid, and weighed the oxide 
thus formed. He thus found that when O = 100 Fe = 350.27 and 
890.3869, 

Hence the following percentages of Fe in Fe,O, : 


70.018 
70.022 





Mean, 70.020, + .0013 


About the same time Svanberg and Norlin { published two elaborate 
series of experiments; one relating to the synthesis of ferric oxide, the 
other to its reduction. In the first set pure piano-forte wire was oxidized 


by nitric acid, and the amount of oxide thus formed was determined. 
The results were as follows: 


1.5257 grm. Fe gave 2.1803 grm, Fe,O,. 69.977 per cent. Fe, 
2.4051 « 3.4390 es 69.936 % 
Zea?) us 3.3194 ss 69.928 ss 
222175 “e 3.3183 ee 69.968 “ 
2.2772 ss 3.2550 “ 69.960 s 
2.4782 gc 3.5418 o 69.970 a 
2.3582 i B33720) 69.935 i: 





Mean, 69.9534, + .0050 








*For additional details concerning these earlier papers I must refer to Oudemans’ mono- 
graph, pp. 140, 141. ; 

+ Ann. Chem, Pharm., 30, 432. Berz. Jahresb., 25, 43. 

{ Berzelius’ Jahresbericht, 25, 42. 
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In the second series ferric oxide was reduced by ignition in a current 
of hydrogen, yielding the subjoined percentages of metal : 


2.98353 grm. Fe,O, gave 2.08915 grm. Fe. 70.025 per cent. 
2.41515 ss 1.6910 s 7horeniis. 
2.99175 ne 2.09455 72014 
3-5783 iS 22505025 --* 79.030. 
4.1922 f 2.9375 se 7.0107, 20 
3.1015 a 2.17275 ss 7OLO5 Om 
2.6886 cg 188305 70.036 << 





Mean, 70.0354, -- .0055 


It is evident that one or both of these series must be vitiated by con- 
stant errors, and that these probably arise from impurities in the mate- 
rials employed. Impurities in the wire taken for the oxidation series 
could hardly have been altogether avoided, and in the reduction series 
it is possible that weighable traces of hydrogen may have been retained 
by the iron. At all events, it is probable that the errors of both series 
are in contrary directions, and therefore in some measure compensatory. 

In 1844 there was also published an important paper by Erdmann 
and Marchand.* These chemists prepared ferric oxide by the ignition 
of pure ferrous oxalate, and submitted it to reduction in a stream of 
hydrogen. ‘Two sets of results were obtained with two different samples 
of ferrous oxalate, prepared by two different methods. For present pur- 
poses, however, it is not necessary to discuss these sets separately. The 
percentages of iron in Fe,O, are as follows: 

70.013 | 

69.962 
69.979 
70,030 
69.977 
70.044 
70.015 
70.055 


e 


TY a oo) ace ager 
w 





Mean, 70.0094, ++ .0080 


In 1850 Maumené’sf} results appeared. He dissolved pure iron wire 
in aqua regia, precipitated with ammonia, filtered off the precipitate, 
washed thoroughly, ignited, and weighed, after the usual methods of 
quantitative analysis. The percentages of Fe in Fe,O, are given in the 
third column: 


1.482 grm. Fe gave 2.117 grm. Fe,Os. 70,005 per cent. 
1.452 5 2.074 se 7OLOLO Mas 
1.3585 is 1.941 se 69.990 =“ 
1.420 ss 2.0285 ss 71002 ine 
1.492 Me 2.1315 GE 69.998 =‘ 
1.554 vt 2.220 ie OOOO mms 





Mean, 70.0008, + .o019 


* Journ. fiir Prakt. Chem., 33, 1. 1844. 
} Compt. Rend., Oct. 17, 1850. 
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Two more results, obtained by Rivot* through the reduction of ferric 
oxide in hydrogen, remain to be noticed. The percentages are: 


69.31 
69.35 





Mean, 69.33, +: .013 


We have thus before us six series of results, which we may now com- 
bine: 


IBELZElIUSSMircttaranters ee schorc Gioiets aa vo ac cteee te 70.020, - .0013 
Erdmannrand Marchande.... 45... 240202 79.0094, + .0080 
Svanberg and Norlin, oxidation,.......... 69.9534, - .0050 
Svanberg and Norlin, reduction........... 79.0354, + .0055 
INETINGE, Ges 5 Albeo h be ODD GRE eae 70,0008, + .0019 
REVO tapers Seder rhs vale horey s.cdeieis, 20806) sie eee anion 69.33, =: .013 
Generalemeanineee see eee ae 7 OL007/5 == OOLO 


From this we get Fe = 55.596. 

Dumas’ results, obtained from the chlorides of iron, are of so little 
weight that they might safely be omitted from our present discussion. 
For the sake of completeness, however, they must be included. 

Pure ferrous chloride, ignited in a stream of hydrochloric acid gas, 
was dissolved in water and titrated with a silver solution in the usual 
way. One hundred parts of silver are equivalent to the amounts of FeCl, 
given in the third column: 


3.677 grm. FeCl, = 6.238 grm. Ag. 58.945 
3-924 : =6.675 “ 58.787 





Mean, 58.866, + .053 


Ferric chloride, titrated in the same way, gave these results: 


1,179 grm, FeCl, = 2.3475 grm. Ag. 50.224 
1.242 a === 2 ATI 4 50.263 





Mean, 50.2435, — .0132 


These give us two additional values for Fe, as follows: 


One c Ol aw uence tees sieve cue = wic-s recilsece sooo DSS] 55 74z 
HEUTE O Wa HIG Mew nee yerey ec cteu soy e i te scr cues eolenc Si ae ctepeeee = 55.C0y/ 


A series of determinations of the equivalent of iron, made by students 
by measuring the hydrogen evolved when the metal is dissolved in an 
acid, was published by Torrey in 1888.{ The data have, of course, slight 





* Ann. Chem. Pharm., 78, 214. 1851. 
y+ Ann. Chem. Pharm., 113, 26. 1860. 
tAm. Chem. Journ., 10, 74. 
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value, but may be considered as being in some measure confirmatory. 

They are as follows: 
56.40 
55.60 
55.38 
55.56 
55.48 
55.50 
55.86 
56.06 
56.22 
55-80 
55.78 
55.60 
55-79 
55-94 





Mean, 55.777, + .0532 


These values undoubtedly depend on Regnault’s value for the weight 
of hydrogen. Correcting by the later value, as found in the chapter of 
this work relating to the density ratio H: O, the mean becomes Fe = 
55.608, + .0532. Here the probable error in the weight of the hydrogen 
is ignored, as being of no practical significance. 

The four ratios for iron are now as follows: 

(z.) Per cent. Fe in Fe,O;; 70.0075, 3= .0010 
(25)) Ago Fe€ls :)s1100 :158:866)/4= -0530 
(85) Alea: PeClvimoon50:2435 51,0132 
(4.)) Hoy Fe ys 1s 5s608, 4= 10532 


Reducing these with— 





O = 15.879, — .0003 

Ag = 107.108, + .0031 

Cl == 351179; == .0048 

we have— 

Fromiy(n) ewe eet a aeroe iether He —=155.590, += .0023 
Brom\(2) sac tote oe eect FeePNE oS ee == 55.742, += £140 
Bromi(3)\eaveecite crn oem reer ioe cree 2 1552907, O150 
Firma (4)\ey sha sehen sent ae einen ats toes « == 55.608, + .0532 
Generalhmeanscae sa eee Fe = 55.597, = .0023 


If O = 16, then Fe = 56.021. Here all the values are absorbed prac- 
tically by the first, the other three having no real significance. 
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NICKEL AND COBALT. 


On account of the close similarity of these metals to each other, their 
atomic weights, approximately if not actually identical, have received 
of late years much attention. 

The first determinations, and the only ones up to 1852, were made by 
Rothhoff,* each with but a single experiment. For nickel 188 parts of 
the monoxide were dissolved in hydrochloric acid; the solution was 
evaporated to dryness, the residue was dissolved in water, and precipi- 
tated by silver nitrate. 718.2 parts of silver chloride were thus formed ; 
whence Ni= 58.615. The same process was applied also to cobalt, 269.2 
parts of the oxide being found equivalent to 1029.9 of AgCl; hence Co = 
58.504. ‘These values are so nearly equal that their differences were 
naturally ascribable to experimental errors. They are, however, entitled 
to no special weight at present, since it cannot be certain from any eyi- 
dence recorded that the oxide of either metal was absolutely free from 
traces of the other. 

In 1852 Erdmann and Marchand + published some results, but with- 
out details, concerning the atomic weight of nickel. They reduced the 
oxide by heating in a current of hydrogen, and obtained values ranging 
from 58.2 to 58.6, when O = 16. Their results were not very concordant, 
and the lowest was probably the best. 

In 1856, incidentally to other work, Deville { found that 100 parts of 
pure metallic nickel yielded 262 of sulphate; whence Ni = 58.854. 

To none of the foregoing estimations can any importance now be at- 
tached. The modern discussion of the atomic weights under considera- 
tion began with the researches of Schneider§ in 1857. This chemist 
examined the oxalates of both metals, determining carbon by the com- 
bustion of the salts with copper oxide ina stream of dry air. The carbon 
dioxide thus formed was collected as usual in a potash bulb, which, in 
weighing, was counterpoised by a similar bulb, so as to eliminate errors 
due to the hygroscopic character of the glass. ‘The metal in each oxalate 
was estimated, first by ignition ina stream of dry air, followed by intense 
heating in hydrogen. Pure nickel or cobalt was left behind in good con- 
dition for weighing. Four analyses of each oxalate were made, with the 
results given below. The nickel salt contained three molecules of water, 
and the cobalt salt two molecules : 





*Cited by Berzelius. Poggend. Annalen, 8, 184. 1826. 
7 Journ. fiir Prakt. Chem., 55, 202. 1852. 

ft Ann. Chim. Phys. (3), 46, 182. 1856. 

+ Poggend. Annalen, tor, 387. 1857. 
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NiG,O,.3f7,0: 
1.1945 grm, gave .528 grm. COQ,. 44.203 per cent. 
2.5555 as 102025) 0. AAGO72 ten 
3.199 “c 1.408 ce 44.014 ce 
5-020 eS 2.214 ye AA Osea 





Mean, 44.098, + .027 


The following percentages of nickel were found in this salt: 


29.107 
29.082 
29.066 
29.082 





Mean, 29.084, + .006 


CoC O,.2H,0. 
1.6355 grm. gave .781 grm, CO,. 47.753 per cent. 
1.107 a .5295 ae Ayer) Ob 
2.309 oe 1.101 us 475083) 
3-007 ; 1.435 e ATM Ze: 





Mean, 47.7475, + .0213 


The following were the percentages found for cobalt: 


32-552 
32.619 
32.528 
32.523 





Mean, 32.5555, + .0149 


In a later paper* Schneider also gives some results obtained with a 
nickel oxalate containing but two molecules of water. This gave him 
47.605 per cent. of CO,, and the following percentages of nickel : 

31.4115 


31.4038 





Mean, 31.4076, -+ .0026 


The conclusion at which Schneider arrived was that the atomic weights 
of cobalt and nickel are not identical, being about 60 and 58 respectively. 
The percentages given above will be discussed at the end of this chapter 
in connection with all the other data relative to the constants in ques- 
tion. 

The next chemist to take up the discussion of these atomic weights 
was Marignac, in 1858. He worked with the chlorides and sulphates 





* Poggend. Annalen, 107, 616. 
+ Arch. des Sci. Phys et Nat. (nouv. serie), 1, 372. 1858. 
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of nickel and cobalt, using various methods, but publishing few details, 
as he’did not consider the determinations final. The sulphates, taken 
as anhydrous, were calcined to oxides. From the ratio NiSO,: NiO, he 
found Ni= 58.4 to 59.0, and from five measurements of the ratio 
CoSO,: Co, Co = 58.64 to 58.76. If oxygen is taken as 16, these give for 
the percentages of oxide in sulphate: 








CoO in CoSOQ,. NiO in NiSO,. 
48.267 48.187 
48.307 48.387 
Mean, 48.287, + .0135 Mean, 48.287, + .0675 


The chlorides were dried at 100°, but found to retain water; and in 
most cases were then either fused in a stream of chlorine or of dry, 
gaseous hydrochloric acid, or else calcined gently with ammonium 
chloride. The determinations were then made by titration with a 
standard solution of silver in nitric acid. Three experiments with an- 
hydrous CoCl, gave Co = 58.72 to 58.84. Three more with CoCl, dried 
at 100° gave Co = 58.84 to 59.02. . Three with anhydrous NiCl, gave 
Ni = 58.80 to 59.00. If the calculations were made with Ag = 108 and 
Cl = 35.5, then these data give as proportional to 100 parts of silver: 





INDE. GOGr. 
60.093 60.056 
60.185 60.111 

60, 111 

Mean, 60.139, + .0310 60.194 





Mean, 60.118, + .o192 


In one more experiment NiCl, was precipitated with a known quan- 
tity of silver. The filtrate was calcined, yielding NiO; hence the ratio 
Ag,: NiO, giving Ni = 59.29. This experiment needs no farther atten- 
tion. 

In short, according to Marignac, and contrary to Schneider’s views, 
the two atomic weights are approximately the same. Marignac criticises 
Schneider’s earlier paper, holding that the nickel oxalate may have con- 
tained some free oxalic acid, and that the cobalt salt was possibly con- 
taminated with carbonate or with basic compounds. In his later papers 
Schneider rejects these suggestions as unfounded, and in turn criticises 
Marignac. The purity of anhydrous NiSO, is not easy to guarantee, and, 
according to Schneider, the anhydrous chlorides of cobalt and nickel are 
hable to be contaminated with oxides. This is the case even when the 
chlorides are heated in chlorine, unless the gas is carefully freed from 
all traces of air and moisture. 
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Dumas’* determinations of the two atomic weights were made with 
the chlorides of nickel and cobalt. The pure metals were dissolved in 
aqua regia, the solutions were repeatedly evaporated to dryness, and the 
residual chlorides were ignited in dry hydrochloric acid gas. The last 
two estimations in the nickel series were made upon NiCl, formed by 
heating the spongy metal in pure chlorine. In the third column I give 
the NiCl, or CoCl, equivalent to 100 parts of silver: 


.9123 grm. NiCl, — 1.515 grm, Ag. 60.218 
2.295 es Be STenS eanios 60,212 
3.290 sf 5.464 S 60.212 
1,830 af 3.041 a 60.178 
3.001 ri 4.987 as 60, 176 





Mean, 60.1992, + .0062 


2.352 grm. CoC], = 3.9035 grm. Ag. 60.254 
4.210 ss 6.990 rs 60,229 
3.592 we 5.960 ss 60.268 
2.492 cs ARTAOSs 9° 60.186 
4.2205 os 720255“ 60.202 





Mean, 60,2278, + .OII 


These results give values for Co and Ni differing by less than a tenth 
of a unit; here, as elsewhere, the figure for Ni being a trifle the lower. 
Combining these data with Marignac’s, we have— 


Zale, 8 INKCIE 8 8 MOD BEF 


Matignac, cba csi ee eee ates . 60.139, + .0310 
1D] Ts oe emrperg eat ca tai enue e eve coher earls alee a 60.199, + .0062 
Generaligmeantee nee ene anes 60.194, + .0o61 


Marignac z..a scree areca wk Geel een oy 60.118, + .o192 
DUM Asya ccieiesoe ete eee meee seni 60.228, + .O110 
General mean pace tee ses skeen 60,200, ++ .0095 


In 1863 + the idea that nickel and cobalt have equal atomic weights 
was strengthened by the researches of Russell. He found that the black 
oxide of cobalt, by intense heating in an atmosphere of carbon dioxide, 
became converted into a brown monoxide of constant composition. The 
ordinary oxide of nickel, on the other hand, was shown to be convert- 
ible into a definite monoxide by simple heating over the blast lamp. 
The pure oxides of the two metals, thus obtained, were reduced by 
ignition in hydrogen, and their exact composition thus ascertained. 





* Ann. Chem. Pharm., 113, 25. 1860. 
+ Journ. Chem. Soc. (2), 1, 51. 1863. 
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Several samples of each oxide were taken, yielding the following data. 
The separate samples are indicated by lettering: 





Nickel. 

NiO. Ni. Per cent. Nt. 
2.0820 1,6364 78.597 
A, . 0956 1,6468 78.584 
2.0148 1.5838 78.608 
2.2069 1.7342 78.581 
B. |; 2843 1.7952 78.589 
2.1329 1.6761 78.583 
2.2783 1.7911 78.616 
G; . 1434 1.6845 78.590 
2.4215 1.9030 78.588 
{ 2.1859 1.7179 78.590 
b. 4 2.0088 1.5788 78.594 
| 2.0839 1.6379 78.597 
| 2.6560 2.0873 78.588 

Mean, 78.593, + .oo18 
Cobalt. 

CoO." Go} Per cent. Co. 
( 2.1211 1.6670 78.591 
| 2.0241 1.5907 78.588 
F- {) 2,1226 1.6673 78.550 
| 1.9947 1.5678 78.598 
| 3.0628 2.4078 78.614 
2.1167 1.6638 78.603 
B. jae 1.3924 : 78.591 
1.7852 1.4030 78.591 
: eee 1.3264 78.588 
2.2076 1.7350 78.592 
= eae 2.1104 78.597 
"ia. 1AGI 1.6868 78.598 
(3.4038 2.6752 78.595 
E. 4 2.2778 1.7901 78.589 
jan 1.7163 78.596 





Mean, 78.592, + .0023 


These percentages are practically identical, and lead to essentially the 
same mean value for each atomic weight. 

Ina later paper Russell* confirmed the foregoing results by a different 
process. He dissolved metallic nickel and cobalt in hydrochloric acid 
and measured the hydrogen evolved. Thus the ratio between the metal 
and the ultimate standard was fixed without the intervention of any 
other element. About two-tenths of a gramme of metal, or less, was 





* Journ. Chem. Soc. (2), 7, 494. 1867. 
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taken in each experiment. The data obtained were as follows; the last 
column giving the weight of hydrogen, computed from its volume, 
yielded by 100 parts of cobalt or nickel: 











Nickel. 

Wt. Ni. Vol. H in ce. Ratio. 

( -0906 153.62 3.420 

-IoI7 L72532 3.418 

-1990 337.06 3-416 

A. 4 .0997 168.93 3.417 

.ISQI 319.86 3.412 

-1859 314.75 3-415 

| 1838 311.25 3.416 
.1892 318.75 833055 

B. < .1806 305.28 3.409 

-2026 333.81 3.404 

C.  .1933 325.93 3-401 

.18g0 319.77 3.412 

D. 4 .1942 328.15 3.408 

.1781 301.09 3.410 

Mean, 3.411, + .OOI 
Cobalt. 

Wt. Co. Vol. H in cc. Ratio. 

eee 321.36 3-395 

A) ees 312.95 3-398 

; | 26 319.63 3-397 

.2002 328.96 3.398 

( .1996 328.43 3 403 

B. 4 .2000 329.55 3.401 

ieee: 290.17 3.401 

c § .1877 308.97 3-404 

© (40085 318.60 3-405 

D le 314.73 3-410 

" (..1834 305.40 3-407 





Mean, 3.4017, -+ .0009 


The weight of the hydrogen in these determinations was doubtless 
computed from Regnault’s data concerning the density of that gas. Cor- 
recting by the new value for the weight of a litre of hydrogen, .089872 
gramme, the ratios become: 


++ .OOIO 
HOrkCoballts€ -veyersrccncsenstc ante relavarers avai reser tee 3.4112, - .0009 


Some time after the publication of Russell’s first paper, but before the 
appearance of his second, some other investigations were made known, 
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Of these the first was by Sommaruga,* whose results, obtained by novel 
methods, closely confirmed those of Schneider and antagonized those 
of Dumas, Marignac, and Russell. The atomic weight of nickel Som- 
maruga deduced from analyses of the nickel potassium sulphate, 
K,Ni(SO,),.6H,O, which, dried at 100°, has a perfectly definite compo- 
sition. In this salt the sulphuric acid was determined in the usual way 
as barium sulphate, a process to which there are obvious objections. In 
the third column are given the quantities of the nickel salt proportional 
to 100 parts of BaSO,: 


0.9798 grm, gave 1.0462 grm. BaSO,. 93.653 
MOSS I.1251 st 93-654 
1.0802 re 1.1535 . 93.645 
» 1.1865 “ 1.2669 < 93-654 
3.2100,“ SAZTT. 93 649 
g2k24, 3:43037) 93.648 





Mean, 93.6505, -: .OOI 


For cobalt Sommaruga used the purpureocobalt chloride of Gibbs 
and Genth. This salt, dried at 110°, is anhydrous and stable. Heated 
hotter, CoCl, remains. The latter, ignited in hydrogen, yields metallic 
cobalt. In every experiment the preliminary heating must be carried 
on cautiously until ammoniacal fumes no longer appear: 


.6656 grm, gave .1588 grm. Co, 23.858 per cent. 
1.0918 iG 22 GOON sce 23.814 “ 
.9058 oe 22160) <* 225840 Nye 
1.5895 i Sey 1 SS 22,513 e 
2.9167 se ROGb Mims 2QsoA mimes 
1.8390 es PARTON 22° SOON ice 
2.5010 as .5968 = <* 22E 60 Ome 





Mean, 23.827, + .006 


Further along this series will be combined with a similar one by Lee. 
It may here be said that Sommaruga’s paper was quickly followed by 
a critical essay from Schneider,} endorsing the former’s work and object- 
ing to the results of Russell. 

In 1867 still another new process for the estimation of these atomic 
weights was put forward by Winkler, { who determined the amount of 
gold which pure metallic nickel and cobalt could precipitate from a 
neutral solution of sodio-auric chloride. 

In order to obtain pure cobalt Winkler prepared purpureocobalt 
chloride, which, having been four or five times recrystallized, was ignited 
in hydrogen. His nickel was repeatedly purified by precipitation with 
sodium hypochlorite. From material thus obtained pure nickel chloride 





* Sitzungsb. Wien. Akad., 54, 2 Abth., 50. 1866. 
j Poggend. Annalen, 130, 310. 
Tt Zeit. Anal. Chem., 6,18. 1867. 
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was prepared, which, after sublimation in dry chlorine, was also reduced 
by hydrogen. One hundred parts of gold are precipitated by the quanti- 
ties of nickel and cobalt given in the third columns respectively. In the 
cobalt series I include one experiment by Weselsky, which was published 
by him in a paper presently to be cited: 


.4360 grm. nickel precipitated .9648 grm. gold. 45.191 


+4367 i 9666 =“ 45.179 
-5189 oe 1.1457 a 45-291 \ 
.6002 ne .3286 af 45.175 





Mean, 45.209, + .o19 


.5890 grm. cobalt precipitated 1.3045 grm. gold. 45.151 


3147 os .6981 cs 45.080 
.5829 se 1.2913 os 45.141 
SS Lenel es 1.1312 es 45.182 
5821 ee 1.2848 ne 45-307 
-559 ; i 1.241 us 45.044—Weselsky. 





Mean, 45.151, + .025 


Weselsky’s paper,* already quoted, relates only to cobalt. He ignited 
the cobalticyanides of ammonium and of phenylammonium in hydrogen, 
and from the determinations of cobalt thus made deduced its atomic 
weight. His results are as follows: 


-7575 grm. (NH,),Co,Cy,, gave .166 grm, Co. 21.914 per cent. 
.5143 es B1it2 x 203072 ee 





Mean, 21.943, - .029 


8529 grm, (C,H,N),Co,Cy,, gave .1o10 grm. Co. 11.842 per cent. 
ce 


.6O112 .0723 sf UT S20 
.7140 as .0850 es LESQO5 ie 
.9420 ue . 1120 as iixeieyo) OC 





Mean, 11.8665, + .0124 


Next in order is the work done by Leet in the laboratory of Wolcott 
Gibbs. Like Weselsky, Lee ignited certain cobalticyanides and also 
nickelocyanides in hydrogen and determined the residual metal. The 
double cyanides chosen were those of strychnia and brucia, salts of very 
high molecular weight, in which the percentages of metal are relatively 
low. A series of experiments with purpureocobalt chloride was also 
carried out. In order to avoid admixture of carbon in the metallic resi- 
dues, the salts were first ignited in air, and then in oxygen. Reduction 
by hydrogen followed. The salts were in each case covered by a porous 
septum of earthenware, through which the hydrogen diffused, and which 
served to prevent the mechanical carrying away of solid particles; fur- 





* Ber. d. Deutsch. Chem. Gesell., 2, 592. 1868. 
7 Am. Journ. Sci. and Arts (3), 2. 44. 1871. 
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thermore, heat was applied from above. The results attained were very 
satisfactory, and assign to nickel and cobalt atomic weights varying from 
each other by about a unit; Ni being nearly 58, and Co about 59, when 
O=16. The exact figures will appear later. The cobalt results agree 
remarkably well with those of Weselsky. The following are the data 
obtained : 


Brucia nickelocyanide, Ni,Cy,,( Ci, H,,N,O,).H,-10H, 0. 


Salt. Ni. Per cent. Nt. 
. 3966 .0227 5-724 
.5638 .0323 5.729 
.4000 .0230 5-750 
+3131 -01795 5-733 
-4412 .0252 aie 
-4346 -0249 5.729 





Mean, 5.7295, = .0034 


Strychnia nickelocyanide, Ni,Cy,.( C,,H,,N, O,),H,-8 H, O. 


Salt. N21. Per cent. Nt. 
5358 .0354 6.607 
5489 .0363 6.613 
3551 .0234 6.589 
-4495 .0297 6,607 
.2530 .O166 6.561 
.1956 -O129 6.595 


Mean, 6.595, -& .005 


Brucia cobalticyanide, Co,Cy,.( CisH,,N, O,)¢H,-20-H, 0. 


Salt. Co. Per cent. Co. 
-4097 -O154 3-759 
3951 -O147 3-720 
-5456 0204 3-739 
.4402 .0165 3.748 
4644 .O174 3.747 
.4027 .OI51 3-749 





Mean, 3.7437, +: .0036 


Strychnia cobalticyanide, Co, Cy,,( C,,H,,N,0O,),H,.8H, O. 


Salt. Co. Per cent. Co. 
-4255 -0195 4.583 
.4025 .0185 4.596 
-3733 -O170 4.554 
-4535 0207 4.564 
-2753 .0126 4.577 
.1429 .0065 4.549 





Mean, 4.5705, + .005 


300 THE ATOMIC WEIGHTS. 


Purpureo-cobalt chloride, Co, NH,),,Cl,. 


Salt. Co. fer cent. Co. 
-9472 2233 23-575 
.8903 .2100 23.587 
.6084 -1435 23.586 
0561 -1547 23.579 
.6988 .1647 23.569 
-7010 .1653 23.581 





Mean, 23.5795, - .0019 


The last series may be combined with Sommaruga’s, thus: 


SOMMM ANU aly. eryeesh cea oa ae eke gs eA 23.817, -+ .006 
TCO CS ets ins. ote ate EI OT 23.5795, + .OOI19 
Ceneralimeany eee een eee eee 23.6045, + .0018 


Baubigny’s * determinations of the atomic weight of nickel are limited 


to two experiments upon the calcination of nickel sulphate, and his data 
are as follows: 


6.2605 grm. NiSO, gave 3.0225 NiO. 48.279 per cent. 
4.4935 sb 2 TOOK = + 48.281 ee 





Mean, 48.250 


Zimmermann’s work, published after his death by Kriiss and Alibe- 
goff, + was based, like Russell’s, upon the reduction of cobalt and nickel 
oxides in hydrogen. The materials used were purified with great care, 
and the results were as follows: 


Nickel. 

N20. N21. Per cent. Nt. 
6.0041 4.7179 78.578 
6.4562 5-07 34 78.582 
8.5960 6.7552 78.585 
4.7206 3.7096 78.583 ° 
8.2120 6.4536 78.587 
9.1349 7.1787 78.585 
10,0156 7.8702 78.579 
4.6482 3.6526 78.580 
8.9315 7.0184 78.580 
10.7144 8.4196 78.582 
3.0036 2.3602 78.579 





Mean, 78.582, + .0006 


* Compt. Rend., 97, 951. 1883. 
+ Ann. der Chem., 232, 324. 1886. 
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Cobalt. 

CoO. Co. Per cent. Co. 
6.3947 5.0284 78.634 
6.6763 5.2501 78.638 
5.6668 4.4560 78.633 
2.9977 2.3573 78.637 
8.7446 6.8763 78.635 
3.2625 2.5655 78.636 
6.3948 5.0282 78.630 
8.2156 6.4606 78.638 
9.4842 7.4580 78.636 
9.9998 7.8630 78.632 





Mean, 78.635, + .0002 


Shortly after the discovery of nickel carbonyl, NiC,O,, Mond, Langer, 
and Quincke* made use of it with reference to the atomic weight of 
nickel. The latter-was purified by distillation as nickel carbonyl, then 
converted into oxide, and that was reduced by hydrogen in the usual 
way. 


NiO. Ni. Per cent. N21. 
.2414 .1896 78.542 
.3186 2503 78.562 
3391 .2663 78.531 





Mean, 78.545, + .0o61 


Schutzenberger’s experiments,f published in 1892, were also few in 
number. First, nickel sulphate, dehydrated at 440°, was calcined to 
oxide. 


3.505 grm. NiSO, gave 1.690 NiO. 48.217 per cent, 
2.6008 fs e250 as ASSZ0 70 os 





Mean, 48.257, -- .027 


Second, nickel oxide was reduced in hydrogen, as follows: 


1.6865 grm. NiO gave 1.3245 Ni. 78.535 per cent. 
1.2527 t -9838 “ 78253300 7 





Mean, 78.534 


In one experiment with cobalt oxide, 3.491 grm. gave 2.757 Co, or 
78.975 per cent. In view of the many determinations of this ratio by 
other observers, this single estimation may be neglected. The experi- 
ments on nickel sulphate, however, should be combined with those of 
Marignac and Baubigny, giving the latter equal weight with Schutzen- 
berger’s, thus: 








* Journ. Chem. Soc., 57, 753. 1890. 
+Compt. Rend., 114, 1149. 1892. 
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Mati g macs). ai..cvs sieucteisvaehen yhoo tee anes 48.287, + .0075 

Baubigny « scsi ates eae oe eae eet 48.280, + .027 

Schutzenberseteprermirc ere eter eA O12 57 Oar 
Generalimeanenenien eee .... 48.269, + .018 


From this point on the determination of these atomic weights is com- 
plicated by the questions raised by Kriiss as to the truly elementary 
character of nickel and cobalt. If that which has been called nickel 
really contains an admixture of some other hitherto unknown element, 
then all the determinations made so far are worthless, and the investiga- 
tions now to be considered bear directly upon that question. First in 
order comes Remmler’s research upon cobalt.* This chemist, asking 
whether cobalt is homogeneous, prepared cobaltic hydroxide in large 
quantity, and made a series of successive ammoniacal extracts from it, 
twenty-five in all. Each extract represented a fraction, from which, by 
a long series of operations, cobalt monoxide was prepared, and the latter 
was reduced in hydrogen after the manner of Russell. The actual deter- 
minations began with the second fraction, and the data are subjoined, 
the number of the fraction being given with each experiment: 


CoO. Co. Per cent. Co. 
Bi eeg sy aut PeOgos .07837 78.859 
BU ee tie Buayuetes .15021 .11814 78.650 
A epee tise .22062 .17360 78.687 
Deseret olaloneeas -39011 30681 78.647 
q ica rests trees be .28820 22661 78.629 
Fire tee id eu cuales - 34304 .26968 78.615 
Si dese eames ads aut -43703 -34321 78.532 
Clitarntcic none .91477 .71864 78.560 
LOkaeesease Leet, MOSZ50 .49661 78.508 
IRD sino aterrrseetots 32728 .25701 78.529 
M2 chore eterna ee 38042 .29899 78.595 
TA eee eke .16580 .13027 78.571 

TA ve cept aN ae 1,01607 -79873 78.610 ~ 
DGicrg ences Peel sOx 5 1.03545 78.661 
TOW peta seenene heeled -91945 -72315 78.650 
7G. stevstet cone otek: .53100 RANT 78 78.668 
WON ehh ae woneyeneone rs .82381 .64728 78.572 
Tie cee ce cdentseratene -81139 .63754 78.574 
DOL areacess peanut tye . 76698 .60292 78.610 
2D yntetgerste tam ercveus 1.13693 .89412 78.643 
22 Nialee Sacto ‘ 2.00259 1.57495 78.646 
DF cet een Rogore ge 1.04629 82185 78.549 
DA st inthcys rapsieeeekncs .48954 .  +38466 78.576 
Do ravaerctecsoctorte .69152 -54326 78.560 





Mean, 78.613, - .0099 





* Zeit. Anorg. Chem., 2, 221. Also more fully in an Inaugural Dissertation, Erlangen, r8gr. 
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Considered with reference to the purpose of the investigation, this 
mean and its probable error have no real significance. But it is very 
close to the means of other experimenters, and a study of the variations 
represented by the several fractions seems to indicate fortuity rather 
than system. Remmler regards his results as indicating lack of homo- 
geneity in his material ; but it seems more probable that such differences 
as exist are due to experimental errors and to impurities acquired in the 
long process of purification to which each fraction was submitted, rather 
than to any uncertainty regarding the nature of cobalt itself. For either 
interpretation the data are inconclusive, and I therefore feel justified in 
treating the mean like other means, and in combining it finally with 
them. 

From the same point of view—that is, with reference to the supposed 
heterogeneity of nickel—Krtiss and Schmidt * carried out a series of frac- 
tionations of the metal by distillation in a stream of carbon monoxide. 
Nickel oxide, free from obnoxious impurities, was first reduced to metal 
by heating in hydrogen, after which the current of carbon monoxide was 
allowed to flow. The latter, carrying its small charge of nickel tetra- 
carbony] was then passed through a Winkler’s absorption apparatus con- 
taining pure aqua regia, from which, by evaporation, nickel chloride was 
obtained, and from that, by reduction in hydrogen, the nickel. Ten 
such fractions were successively prepared and studied ; first, by prepa- 
ration of NiO and its reduction in hydrogen; and, secondly, in some 
cases, by the reoxidation of the reduced metal, so as to give a synthetic 
value for the ratio Ni: O. The data obtained are as follows, the successive 
fractions being numbered : 


Reduction of NiO. 


N10. N12. Per cent. N21. 
; (gz 22 2926 78.614 
“al 747i .5870 78 5a 
; \ .7659 60085 78.450 
"| .7606 5961 78.372 
cee -7984 78.467 
3. 4 1.2631 .99065 78.430 
i 1.2582 .9868 78.429 
+4 -5193 .4076 78.490 
.9200 BZ 78.424 
5.4 -4052 -3179 78.455 
.6518 BIO 78.414 
6 \ 5623 -4399 78.232 
il 25556 -4350 78.294 
.9831 -7724 78.568 
4 .9765 .7646 78.300 
-9639 -7557 78.400 





* Zeit. Anorg. Chem., 2, 235. 1892. 
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( .5756 -4538 78.839 

8 56765 4451 78.411 
“) .5663 -4438 78.368 
5449 4272 78.400 

9.4 uy 4 2491 78.481 
3148 .2467 78.367 

1. | .4976 3904 78.457 
| 4961 3891 78.432 





Mean, 78.444, + .0166 


Oxidation of M. 


N1. N20. Per cent. Ni. 
ees oO7O 7471 78.571 
3) ee 7659 78.372 
5961 .7606 78.359 
.7988 1.0175 78.506 
2: | 1.2631 78.482 
9868 1.2582 78.429 
ie | .4093 5193 78.818 
.7216 .9200 78.435 
s. ja 4052 78.825 
-51II .6518 78.414 
6 ae .5623 78.517 
* ( .4350 5556 78.294 
.7752 .9831 78.853 
7. | +9795 78.515 
-7558 9639 78.411 
-4555 +5756 79-135 
8 tas 56765 78.499 
| 44415 -5663 78.430 
+4423 5642 78.394 
2. / .2508 3174 79.015 
.2467 3148 78.367 
ey ee .4976 78.738 
.3891 .4961 78.432 





Mean, 78.557, + .0319 


To these data of Krtiss and Schmidt the remarks already made con- 
cerning Remmler’s work seem also to apply. The variations appear to 
be fortuitous, and not systematic, although the authors seem to think 
that they indicate a compositeness in that substance which has been 
hitherto regarded as elementary nickel. There is doubtless something 
to be said on both sides of the question; but if Kriiss and Schmidt are 
right, all previous atomic weight determinations for cobalt and nickel 
are invalidated. In view of all the evidence, therefore, I prefer to regard 
their varying estimations as affected by accidental errors, and to treat 
their means like others. On this basis, their work combines with previ- 
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ous work as follows, Schutzenberger’s measurements of the ratio NiO: Ni 
being assigned equal weight with those of Mond, Langer, and Quincke: 


IR rsS HNMR Peeg aees Oae oico ee Sak Miz Sees 78.593, + .0018 
ZMH CUM AM Meyareter: exe alas) sein, cha ae eae ek 78.582, + .0006 
Mond, Langer, and Quincke .............. 78.545, + .0o61 
Sohutzenbercerersjersrerareicisccnelanieccds. sc reistseciete 78.534, + .0061 
Kriiss and Schmidt, reduction series ........ 78.444, + .0166 
Kriiss and Schmidt, oxidation series........ 78.557, + .0319 

Genetalimeanere st ao <u) aaenore 78.570, + .0006 


In 1889 Winkler * published a short paper concerning the gold method 
for determining the atomic weights in question, but gave in it no actual 
measurements. In 18937 he returned to the problem with a new line 
of attack, and at the same time he takes occasion to criticise Kritiss and 
Schmidt somewhat severely. He utterly rejects the notion that either 
nickel or cobalt contain any hitherto unknown element, and ascribes the 
peculiar results obtained by Krtiss and Schmidt to impurities derived 
from the glass apparatus used in their experiments. For his own part 
he now works with pure nickel and cobalt precipitated electrolytically 
upon platinum, and avoids the use of glass or porcelain vessels so far 
as possible. With material thus obtained he operates by two distinct 
but closely related methods, both starting with the metal, nickel or 
cobalt, converting it next into neutral chloride, and then measuring the 
chloride gravimetrically in one process, volumetrically in the other. 

After precipitation in a platinum dish, the nickel or cobalt is washed 
with water, rinsed with alcohol and ether, and then weighed. It is next 
dissolved in pure hydrochloric acid, properly diluted, and by evapora- 
tion to dryness and long heating to 150° converted into anhydrous chlo- 
ride. The nickel chloride thus obtained dissolves perfectly in water, 
but the cobalt salt always gave a slight residue in which the metal was 
electrolytically determined and allowed for. In the redissolved chloride, 
by precipitation with silver nitrate, silver chloride is obtained, giving a 
direct ratio between that compound and the nickel or cobalt originally 
taken. The gravimetric data are as follows, with the metal equivalent 
to 100 parts of silver chloride given in a final column : 


Nickel. 
N12. Ag Cl. Ratio. 
3011 1.4621 20.594 
.2242 1.0081 20,605 
.5166 2.5108 20.570 
.4879 2.3679 20.605 
3827 1.8577 20.601 
3603 1.7517 20.568 





Mean, 20.590, -+ .0049 





* Ber. Deutsch. Chem. Gesell., 22, 891. 1589. 
+ Zeit. Anorg. Chem., 4, 10. 1893. 
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Cobalt. 

Co. Ag Cl. Ratio. 
3458 1.6596 20.836 
-3776 1.8105 20.856 
.4493 oy Visit 20,877 
.4488 2.1520 20.855 
.2856 1.3683 20.873 
.2648 1,2768' 20,886 





Mean, 20,864, + .0050 


In the volumetric determinations the neutral chloride, prepared as 
before, was decomposed by means of a slight excess of potassium car- 
bonate, and in the potassium chloride solution, after removal of the 
nickel or cobalt, the chlorine was measured by titration by Volhard’s 
method with a standard solution of silver. The amount of silver thus 
used was comparable with the metal taken. 





Nickel. 
Ni. Ag. Ratio. 
.1812 .6621260 27.366 
.1662 .6079206 27.339 
.2129 S252 27.382 
.2232 .8162108 27.346 
5082 178556645 27.386 
-1453 + 5315040 27:338 

Mean, 27.359, + .0059 

Cobalt. 

Co. Ag. Ratio. 
.177804 .6418284 27.702 
263538 .9514642 27.699 
.245124 .8855780 27.679 
. 190476 .6866321 27-741 
.206706 .9629146 27.696 
-263538 -9503558 27.731 





Mean, 27.708, + .0064 


In view of the possibility that the cobalt chloride of the foregoing ex- 
periments might contain traces of basic salt, Winkler, in a supplement- 
ary investigation,* checked them by another process. To the electrolytic 
cobalt, in a platinum dish, he added a quantity of neutral silver sulphate 
and then water. ‘The cobalt gradually went into solution, and metallic 
silver was precipitated. The weights were as follows: 


Co. Ag. 
2549 9187 
.4069 1.4691 





* Zeit. Anorg. Chem., 4, 462. 1893. 
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On examination of the silver it was found that traces of cobalt were 
retained—less than 0.5 mg. in the first determination and less than 0.2 
mg. in the second. Taking these amounts as corrections, the two experi- 
ments give for the ratios Ag,: Co:: 100: « the subjoined values: 


27.706 
27.687 


These figures confirm those previously found, and as they fall within 
the limits of the preceding series, they may fairly be included in it, when 
all eight values give a mean of 27.705, + .0050. 

Still another method, radically different from all of the foregoing pro- 
cesses, was adopted by Winklerin 1894.* The metals were thrown down 
electrolytically upon platinum, and so weighed, Then they were treated 
with a known excess of a decinormal solution of iodine in potassium 
iodide, which redissolved them as iodides. The excess of free iodine was 
then determined by titration with sodium thiosulphate, and in that way 
the direct ratio between metal and haloid was ascertained. The results 
were as follows, with the metal proportional to 100 parts of iodine given 
in the third column: 





Cobalt. 
Wt. Co. Wt. I. Ratio. 
( -4999 2.128837 23.482 
| .5084 2.166750 23.463 
Birst series ....< .5290 2.254335 23.466 
.6822 2.908399 23.456 
.6715 2.861617 23.466 
( 5185 2.209694 23.465 
Second series.. + .5267 2.246037 23.450 
es 2.2687 36 23.445 
Mean, 23.462, + .0027 
: Nickel. 
Wt. N21. We. I. Ratio. 
( 5144 2.217494 23.251 
| .4983 2.148502 23.246 
First series.... 4 .5265 2.268742 23.260 
.6889 2.970709 23.243 
| 6876 2.965918 22u2307 
.5120 2.205627 23.267 
Second series.. < .5200 2.240107 23.267 
.5246 2.259925 23.267 





Mean, 23.255, + .00gI 


In these experiments, as well as in some previous series, a possible 
source of error is to be considered in the occlusion of hydrogen by the 





* Zeitsch. Anorg. Chem., 8, 1. 1894. 
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metals. Accordingly, in a supplementary paper, Winkler* gives the 
results of some check experiments made with iron, which, however, was 
not absolutely pure. The conclusion is that the error, if existent, must 
be very small. 

In 1895 Hempel and Thiele’s work on cobalt appeared.f First, cobalt 
oxide, prepared from carefully purified materials, was reduced in hydro- 
gen. The weights of metal and oxygen are subjoined, with the percent- 
age of cobalt in the oxide deduced from them : 


Co. (O}. Percentage. 
.90068 .24429 78.664 
-79159 -21445 78.686 

1.31558 -35716 78.648 





Mean, 78.666, + .0074 


This mean combines with former means as follows: 


RUSS ells eat cece a esa teeta herctanisterate ote 78.592, + .0023 
ZMMeKManna yey cite ernie een 78.635, - .0002 
Remmiler.;fcrssreiorn croc koe eee ees 78.613, + .0099 
Elem pelrand sihiel ene emer ite ireria seers 78.666, + .0074 

Generalimeaneeeemer eee eee 78.633, - .0002 


In their next series of experiments, excluding a rejected series, Hempel 
and Thiele weighed cobalt, converted it into anhydrous chloride, and 
noted the gain in weight. In four of the experiments the chloride was 
afterwards dissolved, precipitated with silver nitrate, and then the silver 
chloride was weighed. The data are as follows: 


Co. Cl Taken Up. AgCl. 

.7010 OAM wy oC mera nyettes aes 

3138 -3793 Sette seve 

' -2949 - 3562 1.4340 
.4691 -5057 2.2812 

5318 .7026 2.8303 

-5763 NGQTINT | Siti: Suc 2 vila Salen tape 

5096 .6142 2.4813 


From these weights we get two ratios, thus : 





CL NCO 100 2AG CLE COE OO ee 
82.929 20.565 
82.731 20.564 
82.791 20.556 
82.924 20.538 
82.807 
82.957 Mean, 20.556, + .0043 
82.970 





Mean, 82.873, + .0241 





* Zeitsch. Anorg. Chem., 8, 291. 1895. 
} Zeitsch. Anorg. Chem., 11, 73. 
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The second of these ratios was also studied by Winkler, and the two 
series combine as follows: 


AVWirnle rete mpeeawese a: svc. oot ante, vide ecvetaie Sars oroos 20.864, ++ .0050 
leleayoel ain! INNO Boe qeuedoodeaudeds -.. 20.556, + .0043 
(Generalameattnnrayra sci ccs scien eee 20.687, + .0033 


Hempel and Thiele apply to it a correction for silver chloride retained 
in solution, but its amount is small and not altogether certain. For 
present purposes the correction may be neglected. 

For the atomic weight of nickel we now have ratios as follows: 


Per cent. of Ni in NiC,O,.3H,O, 29.084, + .006 

Per cent. of CO, from NiC,O,.2H,O, 44.098, + .027 

Per cent. of Ni in NiC,O,.2H,O, 31.408, + .0026 

Per cent, of CO, from NiC,O,.2H,O, 47.605, + .053 

Per cent. of Ni in brucia nickelocyanide, 5.7295, + .0034 
Per cent. of Ni in strychnia nickelocyanide, 6.595, -+_ .005 
Per cent, of NiO in NiSO,, 48.269, + .o18 


Per cent. of Ni in NiO, 78.570, + .0006 
Ag, : NiCl, : : 100: 60.194, + .0061 


NO en aN aaa ae" 
or AM PW YN 
Fe Ss@_ ~~ O/ “"*—_ “we 


(9. 
(10.) 2AgCl]l: Ni: : 100: 20,590, -++ .0049 
(iets) Aloe INIT 2 LOO} 27.350h-1= 0059 
(12.) Au, : Ni, : : 100: 45.209, + .o19 
(13.) BaSO, : K,Ni(SO,),.6H,O : : 100 : 93.6505, + .oo1 
(ie) PNG Eloy: se LOON-ns 4210, 1 OOL 

((ijo))) UG B INN B Bikol) F eR SE Kololoy 


To the reduction of these ratios the following atomic and molecular 
weights are applicable : 


O =} 15.879, += .0003 I = 125.888, + .0069 
C = II.g20, + .0004 1k se Ono OOS 
INGE sOR bi O021 Ba) = 136.392, == 0086 
S = 31.828, + .0035 Au = 195.743, - .0049 
Ag = 107.108, + .0031 AgCl = 142.287, + .0037 
Cl = 35.179, + .0048 


Since the proportion of water in the oxalates is not an absolutely cer- 
tain quantity, the data concerning them can be best handled by employ- 
ing the ratios between carbon dioxide and the metal. Accordingly, ratios 
(1) and (2) give a single value for Ni, and ratios (3) and (4) another. In 
all, there are thirteen values for the atomic weight in question : 


Heino rea (Op) earnGle (2) peers cy sc- va) operate N= 15 72ON4 = Oa 7/2 
BEGG BIA US rete us chats) sis(ci Save etm, @ em <== 572025) = 0349 
FErcco arg (3h) penn cl a (48) eenetey eran Peveroys creche ‘© = 57.635, + .0644 
OUR (0) Rete ees cs ta Visteon ole « #eeioe 57 087 =, .04.39 
FIOM (8) Masekerevewn te rele lss ehaiekess re e6¥s ‘¢ — 58.218, + .0020 
EGA (HEI Ae RA oan ciate diese ioc wate «¢ —158.268, + .0428 
UROUNG ()) eee ee ahseicrs aiets ss tiae setae eae « — 58.448, + .0206 
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Brom) (04/03 acy eae caer, eee eee Ni= 58.456, +..0316 
From (15) ids-4 ycieaorieerree cranes SS SSeS) ae fos) 
From’ (0) hak scercee Gon eee ree O15 8507s OO 
Fitom (00) ashame sce tees ys weer ‘==158)5045— Old 
From: (Wl) aecereienie eee seers We =) FORO] ta ROeS 
From (2) csp evar cvceevien tote teats ees oes “ = 58.994, + .0248 

Generalsmca neers nt Ni = 58.243, + .oo19 


If O = 16, this becomes Ni 


58.687. 


It is quite evident here that ratio (8), which includes the marvelously 
concordant determinations of Zimmermann, far outweighs all the other 


data. 


Whether so excessive a weight can justifiably be assigned to one 


set of measurements is questionable, but the general mean thus reached 
is not far from midway between the highest and lowest of the values, and 


hence it may fairly be entitled to provisional acceptance. 


No one of the 


individual values rests upon absolutely conclusive evidence, so that no 


one can be arbitrarily chosen to the exclusion of the. others. 


investigation is evidently necessary. 


For cobalt we have sixteen ratios, as follows: 


Further 


(1.) Per cent. of Co in CoC,O,.2H,O, 32.5555, + .0149 
(2.) Percent. of CO, from CoC,0,.2H,0, 47.7475, 2: .0213 
(3.) Per cent. of Co in'CoO, 78.633, == 0002 
(4.) Per cent. of Co in purpureocobalt chloride, 23.6045, + .oo1L 
(5.) Per cent. of Co in phenylammonium cobalticyanide, 11,8665, + .o124 
(6.) Per cent. of Co in ammonium cobalticyanide, 21.943, - .029 
(7.) Per cent. of Co in brucia cobalticyanide, 3.7437, -& .0036 
(8.) Per cent. of Co in strychnia cobalticyanide, 4.5705, +: .005 
(9.) Per cent, of CoO in CoSO,, 48.287, + (0135 

(10.) Ag, : CoCl, : : 100 : 60,200, ++ .0095 

(11,) 2AgCl : Co: : 100 : 20,687, + .0033 

(12.) Ag, : Co: : 100: 27.705, + .0050 

(13.) Au, : Cog :: 100: 45.151, +: .025 

(14.) Co: H,:: 100: 3.4110, + .0009 

C15.) 1) Co® 2f00!2123.462; 24-6027 

(16.) Cl, : Co:: 100: $2.873, + .0241 


From these, using the atomic weights already cited 
combining ratios (1) and (2), we get— 


under nickel, and 


Bromb(iO) i aevas sce re eee Co = 58.308, -— .0187 
P01 (Q) ore cropeicusnovein eae deseke tere Ieee = 58.320, a= 0288 
Bromy(2) atic teuns mee hcl oe pane Sy 5 OLAS] = OO 14. 
Hiro nia(iO)) Pes seer ak cpr tare ene toncreh ‘© — 58.600, + .0228 
Biro an) (v4) es evmes rere ba ciket ener smereeonel: ‘© — 58.630, + .0286 
‘Brome (S)\ickar wvceeisee ciate aie ‘¢ — 58.639, + .0619 
Bromt'(S): Agen wlotene. cles Se neem ‘c= 58.696, += 0042 
From, (6) 5. box or teas cee nners “ — 58.736, + .0808 . 
IMROMM(C\aocase Moe aegdscbocesde Ty Oni A= OO fi 
Brom (Fier vo cea sateen werent ree aan meen: ‘ = 58.791, + .0566 


RUTHENIUM. © oi 


UEOUIUM (UNL) Meee reveie ers Susi si oles eee! SVetena as Co = 58.870, + .0094 
KO MM PRs crore seis ae oles << =—5 91020 N =, 0827 
LOM M UG) tere cies ase oe alas pees ) == Seley, a= olov/5 
Horna (Ue) enone els. 5 eeaicicr as as ee etal ‘* — 59.349, - .0108 
nom) ANGNZ) beers ola! ois cassie 0 == 59.562, += .0382 

(Ceneralpmeantenisiscr cree sic: Co = 58.487, + .0013 


If O = 16, this becomes Co = 58.932. 

Here again the oxide ratio, because of Zimmermann’s work, receives 
excessive and undue weight. Thearithmetical mean of the fifteen values 
is Co= 58.781. Between this and the weighted general mean the truth 
probably lies, but the evidence is incomplete, and more determinations 
are needed. 


RUTHENIUM. 


The atomic weight of this metal has been determined by Claus and 
by Joly. Although Claus* employed several methods, we need only 
consider his analyses of potassium rutheniochloride, K,RuCl,. The salt 
was dried by heating to 200° in chlorine gas, but even then retained a 
trace of water. The percentage results of the analyses are as follows: 





Ru. 2KCl. Gi. 
28.96 40.80 30.24 
28.48 41.39 30.22 
28.91 41.08 30.04 
Mean, 28.78 41.09 30.17 


Reckoning directly from the percentages, we get the following dis- 
cordant values for Ru: 


Mromigpencenta me) Ole etallemre ne. ereetalieia rere Rm sOoeAicn 
Pigg ppeoetmee OF IKC! sboapooncosedodsope e—OON 775 
IPReial PORES Oh Ohi soosomasogoecupadone = GO5200 


These results are obviously of little importance, especially since the 
best of them is not in accord with the position of ruthenium in the 
periodic system. The work of Joly is more satisfactory.f Several com- 
pounds of ruthenium were analyzed by reduction in a stream of hy- 
drogen with the following results : 





* Journ. fiir Prakt. Chem., 34, 435. 1845. 
+ Compt. Rend., 108, 946. 
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First, reduction of RuO,: 


RuO). Ru. Fer cent. Ru. 
2.1387 1.6267 76.060 
2.5846 1.9658 76.058 
2.3682 1.8016 76.075 
2.8849 2.1939 76.046 





Mean, 76,060, + .0040 


Second, reduction of the salt RuCl,.NO.H,O: 


Per cent. Ru. 


39-78 
39.66 





Mean, 39.72, +. 0405 


Third, reduction of RuCl,.NO.2NH,Cl: 


Per cent. Ru. 


29.44 
29.47 





Mean, 29.455, - .OIOI 


Computing with O = 15.879, + .0008; N = 13.935, + .0021,and Cl = 
39.179, + .0048, these data give three values for ruthenium, as follows: 


Ie Brom) Ru 7. Chenoa sere a. Ru = 100.922, + .0178 
oy, OVEN INTO VW INO IELO, .ogscseaos ** — 100,967, + .1102 
3. From RuCl, NO; 2AmCl)cge tore - ‘* = 100.868, s- .0387 

Generalimeanwias eer Ru = 100.913, + .0160 


If O= 16, Ru =-101.682. 


RHODIUM. lis 


RHODIUM. 


Berzelius * determined the atomic weight of this metal by the analysis 
of sodium and potassium rhodiochlorides, Na,RhCl,, and K,RhCl,. The 
latter salt was dried by heating in chlorine. The compounds were ana- 
lyzed by reduction in hydrogen, after the usual manner. Reduced to 
percentages, the analyses are as follows : 


In Na,RhACI,. 











Rh. 3NaCcl. Cl, 

26.959 45.853 27.189 
27.229 45.301 27.470 
Beer ee Bee are cuartl’s 27.616 
Mean, 27.094 Mean, 45.577 Mean, 27.425 


In K,RhCl,. 
Rh. 2K C1. Ci 
28.989 41.450 29.561 


From the analyses of the sodium salt we get the following values for 
Rh: 


Brom per cent: of metal, . 2 7.<.600. 0s. so. 8m Rh = 104.191 
MronmigperCentpotmNa Glare tity) es aiclcredaeetes LOO AAG 
Pion joere Coit, Cle (Chine so goon Gas DOBGen doe i — Osseo 
From ratio between Cl, and Rh.............. i ——lO4e268 
From ratio between NaCl and Rh........... = OS ISAy! 


These are discordant figures; but the last one fits in fairly well with 
the values calculated from the potassium compound, which are as 
follows : 


Bromepenicentzommetalamcr a. ache cs clei orci Rh = 103.499 

iramuper cent Ol WCU ei ceo eicis cienisiesb in ale 7103-048 

r Beous Per cents Oly Clore jay. los << o)0 2 ieee sa ae ‘* = 103.485 
EPO Mp whem Cll ewratlOneraeye tive <careie)e ial scat ein sieve) ole [ORAS 

TO mMMs Wate he Cleratiomerers sicrs aye teraiaralalovoare ters os <= rO25540 

IIHF. 525) cy i SORE oa OARS Ta Rhe=1029533 


If O= 16, this becomes Rh = 104.328. 

Jorgensen’s determination,+ so far as I can ascertain, was published 
only as a preliminary note, to the effect that the atomic weight of rho- 
dium is 103, nearly. No details are given. 





* Poggend. Annalen, 13, 435. 1828. 
7 Journ. fiir Prakt. Chem. (2), 27, 486. 
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Seubert and Kobbe * determine the atomic weight by igniting rhodium 
pentamine chloride in hydrogen, and weighing the residual metal. Their 
results are given below: 


Rh(NA,),Cls. Ph. Per cent. Rh. 
1.8555 -6496 34-953 
1.5560 5435 34.929 
I,5202 -5310 34-930 
2.0111 -7031 34.961 
1,8674 .6528 34.958 
2.4347 8513 34-965 
2.3849 .8338 34.962 
2-5393 8881 34-974 
1.4080 .4920 34-943 
1.4654 5123 34.960 





Mean, 34.954, + .0032 


In the sixth experiment the ammonium chloride formed was collected 
ina bulb tube, and estimated by weighing as silver chloride. 38.5531 
grms. of AgCl were obtained. 

Computing with N =13.935, + .0021 ; Cl=35.179, + .0048, and AgCl = 
142.287, + .0037, we have— 


Hromypereent-sotemetaleerwy. ee Rh = 102,215, + .0143 
a 


BrompAg Gliratton-ap estar mer <== TO2.2870, t= 0824 


Generalameanga ee eee Rhi= 1025227, = Ona 


If O = 16, Rh = 103.006. 

In the second of these values the probable error given is only that due 
to the antecedent atomic weights of N, Cl, and AgCl. It is therefore 
lower than it should be. The two values, however, are fairly in agree- 
ment, and the result is satisfactory. 





* Ann. d. Chem., 260, 318. 1890. 
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PALLADIUM. 


The first work upon the atomic weight of palladium seems to have 
been done by Berzelius. In an early paper* he states that 100 parts of 
the metal united with 28.15 of sulphur. Hence Pd = 115.06, a result 
which is clearly of no present value. 

In a later paper f Berzelius published two analyses of potassium pal- 
ladiochloride, K,PdCl,. The salt was decomposed by ignition in hydro- 
gen, as was the case with the double chlorides of potassium with platinum, 
osmium, and iridium. Reducing his results to percentages, we get the 
following composition for the substance in question : 











EG. ZINE, Gi: 
32.726 46.044 21.229 
32.655 45.741 21.604 
Mean, 32.690 Mean, 45.892 Mean, 21.416 


From these percentages, calculating directly, very discordant results 
are obtained : 


From percentage of metal ................... Pd = 106.53 
Bromypercentage Ofphi@le pani... te ere sf: ore. tas OAS 
Hromypercentage! of Glh (lass)seess 2 a> oe ‘—OszO 


Obviously, the only way to get satisfactory figures is to calculate from 
the ratio between the Pd and 2KCI, eliminating thus the influence of 
water in the salt. The two experiments give, as proportional to 100 
parts of KCl, the following of Pd: 


71.075 
71.391 





Mean, 71.233, + .1066 


Hence Pd = 105.419. 

In 1847 Quintus Icilius { published a determination, which need be 
given only for the sake of completeness. He ignited potassium palladio- 
chloride in hydrogen, and found the following amounts of residue. His 
weights are here recalculated into percentages : 

64.708 


64.965 
64.781 





Mean, 64.818 


From this mean, Pd = 111.258. This result has no present value. 





*Poggend. Annalen, 8,177. 1826. 

7 Poggend. Annalen, 13, 454. 1828. 

{‘‘Die Atomgewichte vom Pd, K, Cl, Ag, C, und H, nach der Methode der kleinsten Quadrate 
berechnet.” Inaug. Diss. Géttingen, 1847. Contains no other original analyses. 
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In 1889 Keiser’s first determinations of this constant appeared.* Find- 
ing the potassium palladiochloride to contain “ water of decrepitation,” - 
he abandoned its use, and resorted to palladiammonium chloride, 
Pd(NH,Cl),, as the most available compound for his purposé. This 
salt, heated in hydrogen, yields spongy palladium, which was allowed 
to cool in a current of dry air, in order to avoid gaseous occlusions. The 
salt itself was dried, previous to analysis, first over sulphuric acid, and 
then in an air bath at a temperature from 120° to 130°. Two series of 
experiments were made, the second series starting out from palladium 
produced by the first series. The data are as follows: 


First Series. 


Pa NF,C1),. Fa. Per cent. Pa, 
.83260 -41965 50.402 
1.72635 .86992 50.391 
1.40280 .70670 50.378 
1.57940 79562 50.375 
1.89895 95650 50.370 
1.48065 . «74570 50. 363 
1.56015 -78585 50.370 
1.82658 .92003 50. 369 
2.40125 1.20970 50.378 
I, 10400 .55629 50.389 
-93310 .47010 50.380 





Mean, 50.379, - .0008 
Reduced to vacuum this becomes 50.360. 


Second Series. 


Fa(NH,C1),. Fa. Per cent. Pa. 
2,61841 1.31900 50.374 
2.23420 1.12561 50.381 
1.73553 87445 50. 385 
1.69160 .85210 50.372 
1.72403 -86825 50.362 
1.12222 -56535 50.378 
1.17457 .59200 50.401 
2.42760 1.22280 50.371 





Mean, 50.378, + .0028 
Reduced to vacuum, 50.359 


The reductions to vacuum are neglected by Keiser himself, but are here 
added in order to secure uniformity with later results by the same author. 
The mean of both series, thus corrected, gives Pd = 105.74. 

Bailey and Lamb + made experiments upon several compounds of pal- 
ladium, but finally settled upon palladiammonium chloride, like Keiser. 





* Am. Chem, Journ., 11, 398. 1889. 
+ Journ. Chem. Soc., 61, 745. 1892. 
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Two preliminary experiments, however, with potassium palladiochloride 
are given, in which the salt was reduced in hydrogen, and both Pd and 
KCl were weighed. The data are as follows, with the ratio (calculated 
as with Berzelius’ experiments) given in a third column: 


Bier Pa. Ratio. 
1.49767 1.05627 70.528 ® 
-90484 63738 70.441 





Mean, 70.485, -- ,0290 


Hence Pd = 104.512. 

The palladiamnmonium chloride was studied by two methods. First, 
weighed quantities of the salt were reduced in hydrogen, the ammonium 
chloride so formed was collected in an absorption apparatus, and then 
precipitated with silver nitrate. The weights found were as follows, with 
the Pd(NH,Cl), proportional to 100 parts of silver chloride given in the 
third column : 


Fa(NH,C1),. AgCl. Ratio. 
1.24276 1.682249 73.879 
1.08722 1.468448 74.040 
1.47666 2.000164 73.828 
1.34887 1.837957 73-390 
1.74569 2.362320 73.898 





Mean, 73.807, + .0742 


Hence Pd = 105.808. Bailey and Lamb regard this as too high, and 
suspect loss of NH,Cl during the operation. 

The second series of data resemble Keiser’s. The salt was reduced in 
hydrogen, and the spongy palladium was weighed in a Sprengel vacuum. 
The data are as follows: 


Pd(NH,C1),. ele Fer cent, Pd. 
ze 1 1.890597 -947995 50.143 
Leo ALS een -940271 50.170 
( 1.307076 .654687 50.088 
| 1.340045 .633207 50.238 
| 1.905536 .955950 50.167 
| 1.685582 846472 50.218 
fF eeoteee .849120 50.213 
Ga 2.112530 1.059690 50.162 
2.110653 1.057910 50.122 
Lieeotes -988155 50.184 





Mean, 50.171, + .0099 


Hence Pd = 104.943. Bailey and Lamb’s weighings are all reduced 
to a vacuum. 
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Keller and Smith,* reviewing Keiser’s work, find that palladiam- 
monium chloride, prepared as Keiser prepared it, may retain traces of 
foreign metals, and especially of copper. Accordingly, they prepared a 
quantity of the salt, after a thorough and elaborate process of purifica- 
tion, dried it with extreme care, and then determined the palladium by 
electrolysis in silver-coated platinum dishes. The precipitated palladium 
was dried under varying conditions, concerning which the original me- 
moir must be consulted, and was proved to be free from occluded hydro- 
gen. By this method two sets of experiments were made to determine 
the atomic weight of palladium; but for present purposes the two may 
fairly be treated as one. The data obtained are as follows, but the 
weights do not appear to have been reduced to a vacuum: 


Pda(NA,C2),. Fa. Fer cent; Pa. 
1.29960 .65630 50.504 
A. < 1.05430 53253 50.510 
1.92945 97455 5° 509 
{ 1.94722 98343 50. 504 
| 1.08649 .54870 50.502 
B J 1.28423 .64858 50.503 
" | 1.68275 .85010 50.519 
| 1.69113 85431 50.517 
L 1.80805 -91310 50.502 





Mean, 50.508, + .0014 


Hence Pd = 106.368, a result notably higher than Keiser’s. 

Keller and Smith account for the difference between their determina- 
tions and Keiser’s partly by the assumption that the materials used by 
the latter were not pure, and partly by considerations based on the pro- 
cess. In order to clarify the latter part of the question they made three 
sets of experiments by Keiser’s method, slightly varying the conditions. 
First, the chloride was not pulverized before ignition, and slight decrepi- 
tation took place, while dark stains of palladium appeared in the reduc- 
tion tube, indicating loss by volatilization. Secondly, the chloride was 
prepared from crude palladium exactly as described by Keiser, but was 
pulverized before reduction. No decrepitation ensued, but traces of pal- 
ladium were volatilized. The third series, also on finely pulverized 
material, was like the second; but the palladiammonium chloride was 
purified by Keller and Smith’s process. he three series, here treated 
as one, are as follows: 


Pa NH,C1),. Fa. Per cent. Pa. 
( .62955 31743 50.422 
First series... . J i270. -38942 50.397 
| .83252 .41918 50.350 
-99055 -49895 50.371 





* Amer. Chem. Journ., 14, 423. 1892. 
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Pa(NFf,C7),. Fa. Per cent. Pa. 
(702075 51468 50.372 
1,10325 -55590 50.388 
Second series. . -66690 33590 50.367 
.86840 -43733 50.360 
1.41430 -71255 50.382 
l 1.15234 .58050 50. 376 
( .96229 .48502 50.403 
Third series... | -97804 49294 50.401 
"94253 -47517 50.414 
.86090 43405 50.430 





Mean, 50.388, - .0043 


The three series seem to be fairly in agreement between themselves, 
and with Keiser’s work, but diverge seriously from the electrolytic data. 

Keller and Smith also attempted to determine the atomic weight of 
palladium by heating the palladiammonium chloride in sulphuretted 
hydrogen, and so converting it into the sulphide, PdS. These data were 
obtained : 


FAUNA, C1), Eas. Per cent. CaS. 
-71699 .47006 65.644. 
1.31688 .86445 65.659 





Mean, 65.651, + .O051 


Hence Pd = 106.55. This result, however, is affected by the work of 
Petrenko-Kritschenko,* who has shown the existence of the sulphide 
PdS to be uncertain. 

Joly and Leidié,f in their determinations of this atomic weight, re- 
turned to the potassium palladiochloride, K,PdCl,. In their first series 
of experiments the salt was dried in vacuo at ordinary temperatures. It 
was then electrolyzed in a solution acidulated with hydrochloric acid, 
both the deposited palladium and the potassium chloride being weighed. 
The palladium was dried, ignited in a stream of hydrogen, and cooled in 
an atmosphere of carbon dioxide. The results were as follows, with the 
column added by me giving the Pd equivalent to 100 parts of KCl: 


IKI AK Cs Pd. 2KCl. Ratio. 
1.0255 -3919 »5520 70.996 
1.2178 -3937 -5551 70.924 
1.2518 .4048 .5087 71.016 





Mean, 70.979, + .o188 


This series was rejected by the authors, because the salt was found to 
contain water—in one case 0.23 per cent. This error, however, should 





* Zeit. Anorg. Chem., 4, 251. 1893. 
+ Compt. Rend., 116, 147. 1893. 
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not invalidate the Pd: KCl ratio. In a second series the palladiochlo- 
ride was dried in vacuo at 100°, giving the following data: 


K,PaCi,. Pas BG: Ratio. 
1.3635 -4422 .6186 71.484 
3.0628 -9944 1.3929 71.391 
1.4845 .4816 .6782 71,011 
1.7995 5838 .8206 71.143 





Mean, 71.257, - .0736 


These experiments seem to be less concordant than the preceding set. 
It must be noted, however, that the authors reject the KCl determina- 
tions and compute directly from the ratio between the salt and the metal. 
But the ratio here chosen agrees best with the determinations made by 
other observers, giving for this series the mean value Pd = 105.455, and 
is, moreover, uniform with the data given by Berzelius and by Bailey 
and Lamb. 

Joly and Leidié also give two experiments made by reducing the 
K,PdCl, in hydrogen, with the subjoined results : 


K,PaC,. Jaks Bile Ratio. 
2.4481 -7949 1.1168 GIN77 
1.8250 5930 .8360 70 933 





Mean, 71.055, + .0823 


Combining these data with previous series, we have— 


Berzeliusic ease ee ee 71.233, + .-1066 
iBaileyzandcamb weaees tate etic alte 70.485, - .0290 
Joly and Ieeidicssfrst ase stee soe seteere ie 70.979, + .o188 
Joly and) Weidié ssecond. sccm caine 71.257, + .0736 
Joly and eidiey thingy ovis oie te sie oisteags crete 71.055, - .0823 

Generalsnreanhe eis pa ae 70.865, + .o150 


In view of the discordance among the determinations hitherto cited 
and because of the criticisms made by Keller and Smith, Keiser, jointly 
with Miss Mary B. Breed,* repeated his former work, with some varia- 
tions and added precautions to ensure accuracy. His general method 
was the same as before, namely, the reduction of palladiammonium 
chloride by a stream of hydrogen. First, palladium was purified by 
distillation as PdCl, at low red heat in a current of chlorine. rom this 
chloride the palladiammonium salt was then prepared. Upon heating 
the compound gently in a stream of hydrogen, decomposition ensued 
absolutely without decrepitation or loss of palladium by volatilization. 
Neither source of error existed. The results obtained were these: 





* Am. Chem. Journ., 16, 20. 1894. 
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Fa(NA,C2),. 1212 Per cent. Pd. 
1.60842 .80997 50.358 
2.08295 1.04920 50.371 
2.02440 1.01975 50.373 
2.54810 1.28360 50.375 
1.75505 .88410 50.375 





Mean, 50.370, + .0023 
Reduced to vacuum, 50.351 


In a second series of experiments, palladium was purified as in the 
earlier investigation, but with special care to eliminate rhodium, iron, 
copper, gold, mercury, etc. The palladiammonium salt prepared from 
this material gave as follows: 


Pa NH,C1),. Fad. Fer cent. Pa. 
1.50275 -75685 50. 364 
1.23672 .62286 50.365 
1.34470 -67739 50.375 
1.49059 -75095 50.379 





Mean, 50.371, -+ .0026 
Reduced to vacuum, 50.352 


Here, again, no loss from decrepitation or volatilization occurred, 
although evidence of such loss was carefully sought for. The data thus 
obtained may now be combined with the previous series, thus: 


Heiser qrst SeLlean racers eretarsnisy «sii araicenseei 50.360, + .0008 
IRGIESE, AIGONG| SSNS. const noeceonoDe eee 50.359, + .0028 
Bailey andy Wambe.Ger ve). scan. - s</- it. 5G:171, 45 0099 
iKellemandsomithelebtrolytic me ae <r 50.508, + .0014 
Keller and Smith, hydrogen series... ...... 50.388, + .0043 
Keiser andybreed whrst Serless ant). a o. -- 50.351, + .0023 
Keiser and Breed, second series............ 50.352, + .0026 
Geneialemcaumenrmeerte reece Meare 50.388, - .00062 


For palladium, ignoring the work of Quintus Icilius, the subjoined 
ratios are now available: 


) 2K€l; Pd 2:\ 100): 70.865, = .ors0 

) Per cent. Pd in Pd(NH,Cl),, 50.388, + .00962 
) 2AgCl : Pd(NH,Cl), : : 100 : 73.807, + .0742 
) Pd(NH,Cl), : PdS: : 100: 65.651, + .0051 


(1. 
(2. 
(3. 
(4. 


The antecedent data are— 


Cl = 35.179, + .0048 S = 31.828, + .0015 
K = 38.817, - .OO51 AgCl = 142.287, + .0037 
Ne 1s O85 C02 i 
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Hence, for the atomic weight of palladium, we have— 


TOU (()) 55 oe) veeierha er ae ee ee ere Pd = 104.874, + .0243 
Brom) (2) artic eee cee ee ‘= 105-650, ==). 0200 
Om (3) eee juaranelerteeNsnelew eee eaten Oh OOOn =r Oly 
OMA (A) sietete etelelat=tetenel tetera meee = T0085 50) .OAOK 

Generalemeant ae ee pe di 1o5s5h Oma Om 


With O = 16, Pd = 106.364. 
’ Taking the values separately, the second is probably the best; but in 
view of the work done by Bailey and Lamb on one side, and by Keller 
and Smith on the other, it cannot be accepted unreservedly. Until the 
cause of variation in the results is clearly determined, it is better to take 
the general mean of all the data, as given above. 


OSMIUM. 


The atomic weight of this metal has been determined by Berzelius, by 
Fremy, and by Seubert. 

Berzelius* analyzed potassium osmichloride, igniting it in hydrogen 
like the corresponding platinum salt. 1.8165 grammes lost .3805 of 
chlorine, and the residue consisted of .401 grm. of potassium chloride, 
with .535 grm. of osmium. Calculating only from the ratio between the 
Os and the KCl, the data give Os = 197.523. 

Fremy’s determination t is based upon the composition of osmium 
tetroxide. No details as to weighings or methods are given; barely the 
final result is stated.' This, if O = 16, is Os = 199.648. 

When the periodic law came into general acceptance, it became clearly 
evident that both of the foregoing values for osmium must be several 
units too high. A redetermination was therefore undertaken by Seubert, 
who adopted methods based upon that of Berzelius. First, ammonium 
osmichloride was reduced by heating in a stream of hydrogen. The 
residual osmium was weighed, and the ammonium chloride and hydro- 
chloric acid given off were collected in a suitable apparatus, so that the 
total chlorine could be estimated as silver chloride. The weights were 
as follows: 


Am,OsCl,. Os. 6Ag Cl. 
1.8403 7996 3-5897 
2.0764 .9029 4.0460 
2.1501 -9344 4.1950 
2.1345 +9275 4.1014 





* Poggend. Annalen, 13, 530. 1828. 
+ Compt. Rend., r9, 468. Journ. fiir Prakt. Chem., 31, 410. 1844. 
{ Bericnte Deutsch. Chem. Gesell., 21, 1839. 1888. 
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Hence we have for the percentage of osmium and for the osmichloride 
proportional to 100 parts of AgCl— 


fer cent. Os. AgCl: Salt. 
43.446 51.266 
43.484 51.320 
43-458 51.254 
43.453 51.293 





Mean, 51.283, + .0099 


In a later paper * two more reductions are given, in which only osmium 
was estimated. 


Salt. Os. Per cent. Os. 
2.6687 1.1597 43.456 
2.6937 1.1700 43.457 


These determinations, included with the previous four as one series, 
give a mean percentage of Os in Am,OsCl, of 48.459, + .0036. 

Secondly, potassium osmichloride was treated in the same way, but 
the residue weighed consisted of Os + 2KCl. From this the potassium 
chloride was dissolved out, recovered by evaporating the solution, and 
weighed separately. The volatile portion, 4HCl, was also measured by 
precipitation as silver chloride. In Seubert’s first paper these data are 
given: 


KOSCL, Os. 2RCH. 4AgCl. 
ONS TAS Mga) Meee) fe tshc .7796 2.9837 
2.1138 [8405.5 ~— .6547 2.5076 


Hence, with salt proportional to 100 parts of AgCl in the last column 
we have 





Per cent. Os. her cent. KCL, AgCl: Salt. 
teen 31.000 : 84.091 
39.762 30.973 84.102 





Mean, 84.097, + .0030 


In his second paper Seubert gives fuller data relative to the potassium 
osmichloride, but treats it somewhat differently. The salt was reduced 
by a stream of hydrogen as before, but after that the boat containing the 
Os + 2KCl was transferred to a platinum tube, in which, by prolonged 
heating in the gas, the potassizm chloride was completely volatilized. 
The determinations of 4Cl as 4AgCl were omitted. ‘Two series of data 
are given, as follows: 





*Ann. d. Chem., 261, 258. 
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K,OsCl,. Os. Per cent. Os. 
1.1863 4691 39.543 
.9279 .3667 39-519 
1.0946 .4330 39.558 
1,6055 -6351 39.558 
-4495 .1778 39-555 
.8646 .3417 39.521 
+7024 -2781 39.593 
1.2742 -5041 39-562 
1,0466 -4141 39.566 





Mean, 39.553, = .0052 





K,OsCl,. 2KCI. Per cent. KCl. 
2.2032 .6820 39.955 
2.0394 .6312 30.950 
2.7596 8544 30.961 
2.4934 -7710 30.922 
2.8606 8843 30.913 
2.8668 .5768 30.898 
12227) .3778 30 899 

Mean, 30.931 
Earlier set, peas 
39-973 





Mean of all nine determinations, 30.941, + .0079 


The single percentage of osmium in the earlier memoir is obviously to 


be rejected. 
The ratios to examine are now as follows: 


(1.) Per cent. Os in Am,OsCl,, 43.459, + .0036 
(2.) 6AgCl : Am,OsCl, : : 100 : 51.283, + .0099 
(3.) 4AgCl : K,OsCl, : : 100 : 84.097, + .0030 
(4.) Per cent, Os in K,OsCl,, 39.553, =: .0052 
(5.) Per cent. KCl in K,OsCl,, 30.951, + .0079 


To reduce these ratios we have— 


Cl = 35.179, + .0048 KCl = 74.025, + .oo19 
K = 38.817, + .0051 AgCl = 142.287, + .0037 


IN = 135035, += 0027 


Hence there are five independent values for osmium, as follows: 


Bromi(1) 2638s) sce lhusen eee eee Os = 190.1II, = .0300 
Brom (2) 2:05 oii eevee tee eer ““ = 190.870, + .090! 
Biron.) sj. 3.0 ak acc) doat ee oe ee | == L691928) O27 
Brown (4)....)5 cece dee See eae “© — 188.914, + .0243 
Brom) (15) hs, ¢ cuanecir oes eee Cee == 189.57 1, ==) .0925 


Generalimean.in sone er eee Os = 189.546, + .0163 


If O = 16, Os = 190.990. 


IRIDIUM. 32D 


These figures serve to fix the place of osmium below iridium in the 
periodic classification of the elements, but are not concordant enough to 
be fully satisfactory. More determinations are evidently needed. 


IRIDIUM. 


The only early determination of the atomic weight of iridium was 
made by Berzelius,* who analyzed potassium iridichloride by the same 
method employed with the platinum and the osmium salts. The result 
found from a single analysis was not far from Ir—196.7. This is now 
known to be too high. I have not, therefore, thought it worth while to 
recalculate Berzelius’ figures, but give his estimation as it is stated in 
Roscoe and Schorlemmer’s “ Treatise on Chemistry.” 

In 1878 the matter was taken up by Seubert,} who had at his disposal 
150 grammes of pureiridium. From this he prepared the iridichlorides 
of ammonium and potassium (NH,),IrCl, and K,IrCl,, which salts were 
made the basis of his determinations. The potassium salt was dried by 
gentle heating in a stream of dry chlorine. 

Upon ignition of the ammonium salt in hydrogen, metallic iridium 
was left behindin white coherent lamine. The results obtained were as 
follows: 


Am,IrCl,. Lips Per cent. Ir. 
1.3164 5755 43.725 
1.7122 -7490 43-745 
1.2657 -5536 43-739 
1.3676 .5980 43.726 
2.6496 1.1586 43.739 
2.8576 1.2489 43-705 
2.9088 1.2724 43.742 





Mean, 43.732, - .0035 


The potassium salt was also analyzed by decomposition in hydrogen 
with special precautions. In the residue the iridium and the potassium 
chloride were separated after the usual method, and both were estimated. 
Eight analyses gave the following weights: 


KGI7Cl,. CL PLOSS. Mie ISGI. 
1.6316 -4779 -6507 .5030 
2.2544 .6600 .8993 .6953 a 
2.1290 .6238 .8488 .6560 
1.8632 5457 -7430 -5745 
2.6898 -7878 1.0726 .8291 
2.3719 6952 9459 -7308 
2.6092 -7041 1.0406 .8040 
2.5249 *7395 1.0070 -7775 





* Poggend. Annalen, 13, 435. 1828. 
+ Ber. Déutsch. Chem. Gesell., 11, 1757. 1878. 
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Hence we have the following percentages, reckoned on the original 
salt : 


Ir. CIGGL. (Cie 
39.881 30.829 29.290 
39.890 30,842 29.277 
39.868 30.813 29.300 
39.876 30.835 29.289 
39.877 30.825 29.287 
39.879 30.811 29.310 
39.882 30.814 29.285 
39.883 30.792 29.288 











Mean, 39.880, + .0015 Mean, 30.820, + .0037 Mean, 29.291, = .0024 


Joly * studied derivatives of iridium trichloride. The salts were dried 
at 120°, and reduced in hydrogen. With IrCl,.3KCI.8H,O he found as 
follows: 


Salt. Tr, KGE. 
1.5950 .5881 .6803 
1.6386 .6037 . 7000 
2.6276 .9689 1. L230 


These data, if the weight of the salt itself is considered, give discordant 
results, but the ratio Ir: 3KCl: : 100: a is satisfactory. The values of x 
are as follows: 

115.677 
115.952 
115.915 





Mean, 115.848, + .0583 


The ammonium salt, IrCl,.83NH,Cl, gave the subjoined data: 


Wt. of Salt. Wt. of Ir. Per cent. Ir. 
Les .6627 42.017 
1.6056 .6742 41.990 





Mean, 42.003, + .0094 


To sum up, the ratios available for iridium are these: 


(1.) Per cent, Ir in Am,IrCl,, 43.732, + .0035 
(2.) Per cent. Ir in K,IrCl,, 39.880, + .0015 
(3.) Per cent, KCl in K,IrCl,, 30.820, + .0037 
(4.) Per cent. Cl, in K,IrCl,, 29.291, + .0024 
(5.) Per cent. Ir in Am,IrCl,, 42.003, + .0094 


5 
(6.) Ir: 3KCl: : 100: 115.848, + .0583 


The data for computation are— 


O =15.879, + .0003 N = 13.935, 3: -0021 
Cl] = 35.179, += .0048 KCl = 74.025, += .oo19 
K = 38.817, - .0051 i 





*Compt. Rend., 110, 1131. | 1890. 
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And the six independent values for the atomic weight of iridium be- 
come— 


BOM (Gly area erste < 2 pcs ss. ci neha Ir = 191.935, - .0300 
HEIN (2) eee Streetcars. <tee cheue iarsudnos oe NOL. Sine O220 
OMIM (MPP Ree ens oe ee Aree oe ** — 191.604, + .0485 
EOIN (Ai) eee eee aes Sic, fossg orsales occ “ — 191.641, -+ .0622 
irom (Sie rwee pene cient osteo ass cusre sos “ — 191.833, - .0641 
EPO MN (O) ier eta rercieeete oa erento ais shee 5s ‘* — 191.695, + .0966 

Ceneralpmeanrrerrr penis Ir = 191.664, + .0154 


eO = 16, tr = 193.120. 


PLATINUM. 


The earliest work upon the atomic weight of this metal was done by 
Berzelius,* who reduced platinous chloride and found it to contain 73.3 
per cent. of platinum. Hence Pt = 193.155. In a later investigation fT 
he studied potassium chloroplatinate, K,PtCl,. 6.981 parts of this salt, 
ignited in hydrogen, lost 2.024 of chlorine. The residue consisted of 
2.822 platinum and 2.135 potassium chloride. From these data we may 
calculate the atomic weight of platinum in four ways: 


I, From loss of Cl upon ignition............. Et — 19650327, 
ao hromiwelthtofebuanyresiduien. ..... scan. <= TO52S07, 
3. From weight of KCl in residue.......... 5 hy NO Sesoe 
4. From ratio between KCl and Pt............ Oh L000) 


The last of these values is undoubtedly the best, for it is not affected 
by errors due to the possible presence of moisture in the salt analyzed. 

The work done by Andrews ¢ is even less satisfactory than the foregoing, 
partly for the reason that its full details seem never to have been pub- 
lished. Andrews dried potassium chloroplatinate at 105°, and then 
decomposed it by means of zinc and water. The excess of zine having 
been dissolved by treatment with acetic and nitric acids, the platinum 
was collected upon a filter and weighed, while the chlorine in the filtrate 
was estimated by Pelouze’s method. Three determinations gave as fol- 
lows for the atomic weight of platinum: 

197.86 


197.68 
198.12 





Mean, 197.887 


. 


Unfortunately, Andrews does not state how his calculations were made. 








*Poggend. Annalen, 8,177. 1826. 
+ Poggend. Annalen, 13, 468. 1828. 
{ British Assoc. Report, 1852. Chem. Gazette, Io, 
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In 1881 Seubert* published his determinations, basing them upon 
very pure chloroplatinates of potassium and ammonium. The ammo- 
nium salt, (NH,),PtCl,. was analyzed by heating in a stream of hydrogen, 
expelling that gas by a current of carbon dioxide, and weighing the 
residual metal. In three experiments the hydrochloric acid formed 
during such a reduction was collected in an absorption apparatus, and 
estimated by precipitation as silver chloride. Three series of experi- 
ments are given, representing three distinct preparations, as follows: 





Series I. 

Am,PtCl,. ES. Per cent. Ft. 
2.1266 .9348 43.957 
1.7880 .7858 43.948 
1.8057 -7938 43.960 
2.0876 I, 1811 43.946 
4 7674 2.0959 43-963 
2.0325 .8935 43.961 

Mean, 43.956, + .002 
Series IT. 

Am; FiGls. Pt. Per cent. Ft. 
3.0460 1.3363 43.871 
2.6584 TeoOoOs 43.876 
2.3334 1.0238 43.872 
1.9031 8351 43.881 
3.1476 1.3810 . 43.875 
2.7054 Deo yale 43.889 





Mean, 43.876, + .oo1 


Another portion of this preparation, recrystallized from water, of 1.4858 
grm. gave 0.6311 of platinum, or 43.955 per cent. 


Series ITI. 


Am,PtCl,. Ft. Per cent. Ft. 
2.5274 1.1118 43.990 
3.2758 1.4409 43.986 
1.9279 .8483 44,001 
2.0182 .8884 44.020 
1.8873 .8303 43.994 
2.2270 .9798 43.996 
2.4852 1.0936 44.004. 
2.5362 I. 1166 44.026 
3.0822 1.3561 43 998 





Mean, 44.001; + .003 





* Ber. Deutsch. Chem. Gesell., 14, 865. 
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If these series are treated as independent and combined, giving each 
a weight as indicated by its probable error, and regarding the single ex- 
periment with preparation II as equal to one in the first series, we get 
a mean percentage of 43.907, + .0009. On the other hand, if we regard 
the twenty-two experiments as all of equal weight in one series, the mean 
percentage of platinum becomes 43.953, + .0078. Upon comparing the 
work with that done later by Halberstadt, the latter mean seems the fairer 
one to adopt. 

For the chlorine estimations in the ammonium salt, Seubert gives the 
subjoined data. I add in the last column the weight of salt proportional 
to 100 parts of silver chloride. 


Am, PtCl,. Jal 6Ag Cl. Ratio. 
2.7054 1.1871 5.2226 51.802 
2.2748 .9958 4.3758 51.986 
3.0822 1.3501 5-9496 51.805 





Mean, 51.864, - .O41 


/ 
The potassium salt, K,PtCl,, was also analyzed by ignition in hydro- 
gen, treatment with water, and weighing both the platinum and the 
potassium chloride. The weights given are as follows: 


EOE Cl a. Pts 2KCl. 
5.0283 2.0173 1.5440 
7.0922 2.8454 2.1793 
3.5475 1.4217 1.0890 
3.2296 1.2941 .9904. 
3.5834 1.4372 I, 1001 
4.4232 1.7746 1.3547 
4.0993 1.6444 1.2589 
4.4139 Topps 1.3516 


Hence we have these percentages, reckoned on the original salt : 





EN: KCI. 
40.119 30.706 
40.120 30.728 
40.076 30.698 
40.070 30.666 
40.107 30.700 
40.120 30.627 
40.114 30.710 
40,130 30.621 7 
Mean, 40,107, + .005 Mean, 30.682, - .009 


As with the ammonium salt, three experiments were made upon the 
potassium compound to determine the amount of chlorine (four atoms 
in this case) lost upon ignition in hydrogen. In the fourth column I 
add the amount of K,PtCl, corresponding to 100 parts of AgCl: 


K,PtCle, 


6.7771 
3.5834 
4.4139 


Halberstadt,* like Seubert, studied the chloroplatinates of potassium 
and ammonium, and also the corresponding double bromides and platinic 
bromide as well. The metal was estimated partly by reduction in hy- 
drogen, as usual, and partly by electrolysis. 


following results : 


LB Yan 
.6396 
1.7596 
.9178 


1.1594 
1.9608 


2.0865 


4.0796 
6.8673 


1.2588 
1.4937 


The ammonium platinbromide, (NH,),PtBr,, was prepared in two 
ways, and five distinct lots were studied. 
those which follow, the data are given in distinct series, with from one 
to several experiments in each group, but for present purposes it seems 
best to consolidate the material and so put it in more manageable form. 


THE ATOMIC 


ats 
2.7158 
1.4372 
1.7713 


WEIGHTS. 


4AgCl. 


79725 
4.2270 


5.2144 


I. By Reduction in H. 


Lets 


.2422 
.6659 
-3476 
.4388 
-7420 
.7898 
1.5422 
2.5985 


IT. By Electrolysis. 


+4763 
5649 


Mean of all ten experiments, 37.847, - .0033 


Mean, 84.809, + .071 


Ratio. 


85.006 


84.774 
84.648 





Platinie bromide gave the 


Per cent. F2. 


37.867 
37.844 
37-873 
37-847 
37.842 
37-853 
37.852 
37.829 


37-837 
37.819 





With this salt, as well as with 


The percentages of platinum and weights found are as follows: 


Am, oes 


Kis ne 
1.1724 
1.4862 
1.0811 
(1.3383 


( .627 
| 
} 
| 
| 
| 


I. By Reduction in _H. 


fee: 
.I719 
2865 
3215 
-4076 
.2966 


3072 


* Ber. Deutsch. Chem. Gesell., 17, 2962. 


Per cent. Ft. 


1884. 


27.408 
27-447 
27.422 
27.426 
27.435 
27.437 
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Am,PtBr,, Ft. Per cent. Ft. 
( 1.0096 .2769 27.426 
| 1.1935 3269 27.390 

1.3182 3611 27.393 
2.2476 .6159 27.402 
( 1.3358 . 3068 27.451 
| 1.7859 .4899 27.431 

J 4.1641 1.1427 27.441 
| 1.1835 .3250 27.460 
| 2.4003 .6591 27.459 
(2.5293 .6940 27.438 
feta +4705 27.439 
J 2.3014 6316 27.444 
| 3.0052 .8245 27.435 
(4.8592 1.3329 27.430 

1.5337 -4210 27-449 
2.0373 -5594 27-457 
2.0939 +5751 27.465 
IT, By Electrolysis. 
1.5586 .4272 27.409 
1.6052 -4397 27.392 
3.1229 .8569 27.439 
1.1612 .3180 27.386 
2.5817 -7081 27.427 
1.0231 .2809 27.456 
( 1.6744 -4591 27.418 
1.6744 -4591 27.418 
1,6052 -4397 27.392 





Mean of all thirty-two experiments, 27.429, + .0027 


With potassium platinbromide Halberstadt found as follows: 


I. By Reduction in H. 


TEL BI. Et. 2K Br. Per cent. Ft. Per cent. K Br. 
( 2.5549 .6630 .8071 25.940 31.590 
| 2.6323 .6831 .8318 25.947 31-599 
2.9315 .7598 .9259 25.910 31.584 
3.4463 .8939 1.0895 25.938 31.613 
| 4.0081 1.0404 1.2653 25.957 31.568 
3-9554 1.0266 1.2495 25.954 31.589 
2.0794 5388 .6558 25.911 31.538 
{a5 5035 .6849 25.926 31.511 
2.3099 .5986 -7297 25.914 31.590 
1.4085 3645 .4446 25.880 31.565 
2.6166 .6772 .8279 25.881 31.640 
2.6729 .6923 .8469 25.900 31.684 
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IT. By Electrolysis. 


EGPLBT The 2K br. Per cent. Ft. Per cent. KBr. 
( 2.2110 .5720 .6997 25.898 31.647 
{ 3.1642 .8188 .9983 25.877 31.550 
{ 1.9080 -4947 .6025 25.927 IST 
1.6754 4341 5286 25-915 31.550 
( 1.3148 3403 .4160 25.882 31.640 
| 1.5543 4025 -4911 25.895 31.596 








Mean of eighteen experiments, 25.915, + .0040 31.591, + .0068 


For ammonium platinchloride Halberstadt gives the following data: 


I. By Reduction in H. 


Am, PtCl,. Si Per cent. Ft. 
1.0604 .4662 43.964 

[ 1.3846 .6087 43.962 

| 1.5065 .6617 43.923 

| 2.3266 1.0227 43.956 

i 1.3808 6059 , 43-880 
1.7396 .7638 43.906 

ange 1.2068 44.011 
3.1882 1.4019 43.971 / 
5.4644 2.4035 43.984 
3-4859 1.5321 43-951 

IT. By Electrolysis. 
9474 .4101 43.920 
1.1069 .4865 43.951 
1.5101 6634 43.930 
-5345 -2347 43.910 
1.6035 -7044 43.928 

1.9271 8459 43.894 
{ 1.1046 .4858 43.979 
(1.4179 , 6233 43-959 





Mean of eighteen experiments, 43.943, +: .0054 
Seubert found, 43.953, +. 


General mean, 43.946, + .0044 
For potassium platinchloride Halberstadt’s data are— 


I. By Reduction in H. 


EG ELC JE 2iGk Per centadt. ) Per cont thaGe 

| 1.6407 6574 5029 40.069 30.651 
1.9352 TST 5921 40.084 30.600 
1.5793 .6334 .4836 40. 106 30.621 

| 1.6446 .6595 5049 40, IOI 30.700 
1.0225 .4102 3133 40,117 30.640 

( 2.4046 9641 -7388 40.094 30.724 

( 5.8344 2.3412 1.7905 40.127 30.688 


7-1732 2.8776 2.1998 40.116 30.666 
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IT, By Electrolysis. 


TRE Gla. Lt 2K C1. Per cent. Pt. Per cent. KC. 
1.2354 -4953 .3792 40.092 30.695 
2.5754 1.0318 -7898 40,063 30.667 

( 1.0933 -4387 -3355 40.126 30.668 

| 1.3560 -5438 -4167 40. 103 30.730 

4 1.7345 -6956 .5298 40.104 30.545 
2.0054 .8038 .6147 40.081 30.652 
2.0666 .8291 .6356 40.117 30.755 

( 1.2759 5118 3908 40.112 30.629 

J 1.9376 -7763 5927 40.065 30.589 

| 2+3972 .9608 -7355 40.080 30.681 
2.7249 1.0929 .8364 40. 108 30.691 








Mean of nineteen experiments, 40.098, + .003I 30.663, + .0080 
Seubert found, 40.107, + .0050 30,682, ++ .ocogo 





General mean, 40,101, + .0026 30.671, + .0060 


The work of Dittmarand M’Arthur* on the atomic weight of platinum 
is difficult to discuss and essentially unsatisfactory. They investigated 
potassium platinchloride, and came to the conclusion that it contains 
traces of hydroxyl replacing chlorine and also hydrogen replacing 
potassium. It is also lable, they think, to carry small quantities of 
potassium chloride. In their determinations, which involve corrections 
indicated by the foregoing considerations, they are not sufficiently ex- 
plicit, and give none of their actual weighings. They attempt, however, 
to fix the ratio 2KCl: Pt, and after a number of discordant, generally 
high results, they give the following data for the atomic weight of plati- 
num based upon the assumption that 2K Cl = 149.182: 


195.54 
195.48 
195.60 
195-37 





Mean, 195.50, + .0330. 


Dittmar and M’Arthur also discuss Seubert’s determinations, seeking 
to show that the latter also, properly treated, lead to a value nearer to 
195.5 than to 195. Seubert at once replied to them, pointing out that 
the concordance between his determinations by very different methods 
(a concordance verified by Halberstadt’s investigation) precluded the 
existence of errors due to impurities such as Dittmar and M’Arthur 
assumed. 





* Trans. Roy. Soc. Edinburgh, 33, 561. 1887. 
+ Ber. Deutsch. Chem. Gesell., 21, 2179. 1888. 
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The ratios from which to compute the atomic weight of platinum are 
now as follows, rejecting the work of Berzelius and of Andrews: 


(1.) Percentage of Pt in ammonium platinchloride, 43.946, + .0044 

(2,) Percentage of Pt in ammonium platinbromide, 27.429, + .0027 

(3.) Percentage of Pt in potassium platinchloride, 40.101, + .0026 

(4.) Percentage of Pt in potassium platinbromide, 25.915, + .0040 

(5.) Percentage of Pt in platinic bromide, 37.847, + .0033 

(6.) Percentage of KCl in potassium platinchloride, 30.671, + .oo60 

(7.) Percentage of K Br in potassium platinbromide, 31.591, + .0068 

(8.) 6AgCl : Am,PtCl, : : 100: 51.864, + .o41 

(9.) 4AgCl : K,PtCl, : : 100 : 84.809, + .071 

(10,) 2KCl: Pt :: 149.182 : 195.50, + .033 
Computing with the subjoined atomic and molecular weights— 
Cl = 35.179, + .0048 KCl = 74.025, += .0019 
Br = 79.344, - .0062 KBr = 118,200, + .0073 
K = 38.817, + .0051 AgCl = 142.287, - .0037 
ING 937985, == 0021 ; 
we have the following ten values for platinum : 
Piro my (Uy) eranc toes oac cree Rca ence ctor Pt = 193.603, + .0336_ 
irom (2): yi bcs- ayy epereeerteer nee 52s a NOB A Os a= 0245 
Bromc((3))27-sten tae te Poe eee . © = 193.283, + .0254 
FErOMN (ie yaehclee ee ae ea ee ces ORNOSHR Onna. 
FEO (Sa, Aen eeserieees Ceres arenas “* — 193.261, + .0248 
From i(6)/si. cise patentee ee ee ““ — 193.938, + .0746 
Mrome((7))\imscnerte cies aie dated noe eee SS NGQ4Nh 3 On =r 12710 
roms (S) crassa tee eee eae “* = 195.836, + .3515 
Biromy(O) isis ert octeeseeret ss pee Seu S) == 19359504 = 4054: 
Mrom(VO) so cass creer i= 104-007. =. 0R 31 
Generali canter se eee Pt = 193.443, += .O114 


Li6@ = 16) alae oiie 

Of these ten values the first five are obviously the most trustworthy. 
Their general mean is Pt = 193.414) == 0124: or, if O = 16, Pi — 194383: 
This result is preferable to the mean of all, even though the latter varies 
little from it. The five high values carry very little weight because of 
their larger probable errors. 
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CERIUM. 


Although cerium was discovered almost at the beginning of the present 
century, its atomic weight was not properly determined until after the 
discovery of lanthanum and didymium by Mosander. In 1842 the in- 
vestigation was undertaken by Beringer,* who employed several methods. 
His cerium salts, however, were all rose-colored, and therefore were not 
wholly free from didymium ; and his results are further affected by a 
negligence on his part to fully describe his analytical processes. 

First, a neutral solution of cerium chloride was prepared by dissolving 
the carbonate in hydrochloric acid. This gave weights of ceric oxide and 
silver chloride as foliows. The third column shows the amount of CeO, 
proportional to 100 parts of AgCl: 


GeO; Ag Cl. Ratio. 
-5755 grm. 1.419 grm, 40.557 
2675) 1.6595 “ 40.464 
P1300: “S 27 SON 40.560 
SSB OG Tesohoue 40.297 





Mean, 40.469, + .0415 


The analysis of the dry cerium sulphate gave results as follows. In 
a fourth column I show the amount of CeO, proportional to 100 parts of 
BasoO,: 


Sulphate. GeO; BaSoO, Ratio. 
1.379 grm. .8495 grm. 1.711 grm, 49.649 
Te 2G eres heyy & TAS SOM is 49.836 
12400 O90) ne T5430 ioe 49.838 
1.553“ 9595“ I.g2r “ 49.948 





Mean, 49.819, + .042 


Beringer also gives a single analysis of the formate and the results of 
one conversion of the sulphide into oxide. The figures are, however, 
not valuable enough to cite. 

The foregoing data involve one variation from Beringer’s paper. 
Where I put CeO, as found he puts Ce,O,. The latter is plainly inad- 
missible, although the atomic weights calculated from it agree curiously 
well with some other determinations. Obviously, the presence of didym- 
ium in the salts analyzed tends to raise the apparent atomic weight of 
cerium. 

Shortly after Beringer, Hermann + published the results of one experi- 
ment. 25.552 grm. of anhydrous cerium sulphate gave 29.160 grm. of 
BaSO,. Hence 100 parts of the sulphate correspond to 123.926 of BaSO,. 





* Ann. Chem, Pharm., 42, 134. 1842. 
+ Journ, fiir Prakt. Chem., 30, 185. 1843. 
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In 1848 similar figures were published by Marignac,* who found the 
following amounts of BaSO, proportional to 100 of dry cerium sulphate : 


122.68 
122.00 
122.51 





Mean, 122.40, + .138 


If we give Hermann’s single result the weight of one experiment in 
this series, and combine, we get a mean value of 122.856, + .130. 

Still another method was employed by Marignac. A definite mixture 
was made of solutions of cerium sulphate and barium chloride. To this 
were added, volumetrically, solutions of each salt successively, until 
equilibrium was attained. The figures published give maxima and 
minima for the BaCl, proportional to each lot of Ce,(SO,),. In another 
column, using the mean value for BaCl, in each case, I put the ratio 
between 100 parts of this salt and the equivalent quantity of sulphate. 
The latter compound was several times recrystallized : 


Ce SO;)s- Bacl,. Ratio. 
First crystallization...... II.OII grm. I1.990— 12.050 grm. 91.606 
First crystaliization...... TQ eO4 ee 14.365 — 14.425 ‘* 91.657 
Second crystallization.... 13.961 ‘‘ 15.225 —15.285 ‘* 91.518 
Second crystallization.... 12.627 ‘' 13.761 —13.821 ‘* 91.559 
Second crystallization,... 11.915 ‘‘ 12.970 — 13.030 ‘“‘ 91.654 
Third crystallization,.... 14.888 ‘ 16,223 — 16.283 ‘‘ 91.602 
Third crystallization: ... 14.913 — “* 55883) 5 4237 eo one7ing 
Fourth crystallization,... 13.111 ‘‘ 14.270 — 14.330 ‘* 91.685 


Fourth crystallization.... 13.970 ‘“ 15.223 —15.283. “‘ 91.588 





Mean, 91.625, + .o16 


Omitting the valueless experiments of Kjerulf,s we come next to the 
figures published by Bunsen and Jegel t in 1858. From the air-dried 
sulphate of cerium the metal was precipitated as oxalate, which, ignited, 
gave CeO,. In the filtrate from the oxalate the sulphuric acid was esti- 
mated as BaSO,: 

1.5726 grm. sulphate gave .7899 grm. CeO, and 1.6185 grm. BaSQ,. 
1.6967 as .8504 a 1.7500 es 


Hence, for 100 parts BaSO,, the CeO, is as follows: 


48.804 
48.575 


Mean, 48.689, + .077 


* Arch. Sci. Phys. et Nat. (1), 8, 273. 1848. 
+ Ann. Chem. Pharm., 87, 12. 
t Ann. Chem. Pharm., 105, 45. 1858. 
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One experiment was also made upon the oxalate : 


3530 grm, oxalate gave .1913 CeO, and .0506 H,O. 


Hence, in the dry salt, we have 63.261 per cent. of CeO,. 

In each sample of CeO, the excess of oxygen over Ce,O, was estimated 
by an iodometric titration; but the data thus obtained need not be fur- 
ther considered. 

In two papers by Rammelsberg * data are given for the atomic weight 
of cerium, as follows. In the earlier paper cerium sulphate was analyzed, 
the cerium being thrown down by caustic potash, and the acid precipi- 
tated from the filtrate as barium sulphate: 


.413 grm, Ce,(SO,), gave .244 grm. CeO, and .513 grm. BaSO,. 
Hence 100 BaSO, = 47.563 CeO,, a value which may be combined with 


others, thus; this figure being assigned a weight equal to one experi- 
ment in Bunsen’s series: 


ID ELING Clee ney: eect tee eis ie silo. aro Becta 49.819, + .042 

BEMIS ena Ge) eo Clann maui ala ra citccsyel sole 48.689, -- .077 

VAMP SDELAae reat eaee cir stele ess claje-erets 47.563, + .108 
a 

(Gangiall mails... Jus deds sclon oes aes 49.360, + .035 


It should be noted here that this mean is somewhat arbitrary, since 
Bunsen and Rammelsberg’s cerium salts were undoubtedly freer from 
didymium than the material studied by Beringer. 

In his later paper Rammelsberg gives these figures concerning cerium 
oxalate. One hundred parts gave 10.43 of carbon and 21.73 of water. 
Hence the dry salt should yield 48.862 percent. of CO,, whence Ce = 
137.14. 

In all of the foregoing experiments the ceric oxide was somewhat col- 
ored, the tint ranging from one shade to another of light brown according 
to the amount of didymium present. Still, at the best, a color remained, 
which was supposed to be characteristic of the oxide itself. In 1868, 
however, some experiments of Dr. C. Wolff were posthumously made 
public, which went to show that pure ceroso-ceric oxide is white, and 
that all samples previously studied were contaminated with some other 
earth, not necessarily didymium but possibly a new substance, the re- 
moval of which tended to lower the apparent atomic weight of cerium 
very perceptibly. 

Cerium sulphate was recrystallized at least ten times. Even after 
twenty recrystallizations it still showed spectroscopic traces of didymium. 
The water contained in each sample of the salt was cautiously estimated, 
and the cerium was thrown down by boiling concentrated solutions of 


* Poggend. Annalen, 55, 65; 108, 44. 
+ Aimer. Journ. Science and Arts (2), 46, 53. 
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oxalie acid. The resulting oxalate was ignited with great care. I de- 
duce from the weighings the percentage of CeO, given by the anhydrous 


sulphate: 
Sulphate. Water. (GAO}, Per cent. CeO). 
1.4542 grm, .19419 grm. .76305 grm. 60.559 
T4104 9S sLOOSE) oS S770 Ves 60.437 
13502 Tee. ality OF a7O0O5) es 60.487 





Mean, 60.494. 


After the foregoing experiments the sulphate was further purified by 
solution in nitric acid and pouring into a large quantity of boiling water. 
The precipitate was converted into sulphate and analyzed as before: 


Sulphate. Water. CeO,. Per cent. CeO. 
1.4327 grm. .2733 grm, .69925 grm, 60. 311 
T5050 S275 Me T7405 60.296 
1.44045 “‘ e277 Olas BOS 2a ies 60. 300 





Mean, 60.302 


From another purification the following weights were obtained : 
c 


1.4684 grm. .1880 grm. -7717 grm, 60.270 per cent. 


A last purification gave a still lower percentage : 


1.3756 grm. .1832 grm., .7186 grm. 60.265 per cent. 


The last oxide was perfectly white, and was spectroscopically free from 
didymium. In each case the CeO, was titrated iodometrically for its 
excess of oxygen. It will be noticed that in the successive series of de- 
terminations the percentage of CeO, steadily and strikingly diminishes 
to an extent for which no ordinary impurity of didymium can account. 
The death of Dr. Wolf interrupted the investigation, the results of which 
were edited and published by Professor F. A. Genth. 

In the light of more recent evidence, little weight can be given to these 
observations. All the experiments, taken equally, give a mean percent- 
age of CeO, from Ce,(SO,), of 60.366, + .0308. This mean has obviously 
little or no real significance. 

The experiments of Wolf attracted little attention, except from Wing,* 
who partially verified certain aspects of them. This chemist, incidentally 
to other researches, purified some cerium sulphate after the method of 
Wolf, and made two similar analyses of it, as follows : 


Sulphate. Water. GeOR Per cent. CeO,. 
1.2885 grm. .1707 grm. .6732 grm., 60.225 
1.4090 “ USS a Mayr 60, 263 





Mean, 60 244 





* Am. Journ. Sci. (2), 49, 358. 1870. 
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The ceric oxide in this case was perfectly white. The cerium oxalate 
which yielded it was precipitated boiling by a boiling concentrated solu- 
tion of oxalic acid. The precipitate stood twenty-four hours before 
filtering. 

In 1875 Buehrig’s * paper upon the atomic weight of cerium was issued. 
He first studied the sulphate, which, after eight crystallizations, still 
retained traces of free sulphuric acid. He found, furthermore, that the 
salt obstinately retained traces of water, which could not be wholly ex- 
pelled by heat without partial decomposition of the material. These 
sources of error probably affect all the previously cited series of experi- 
ments, although, in the case of Wolf’s work, it is doubtful whether they 
could have influenced the atomic weight of cerium by more than one or 
two tenths of a unit. Buehrig also found, as Marignac had earlier shown, 
that upon precipitation of cerium sulphate with barium chloride the 
barium sulphate invariably carried down traces of cerium. Furthermore, 
the ceric oxide from the filtrate always contained barium. For these 
reasons the sulphate was abandoned, and the atomic weight determina- 
tions of Buehrig were made with air-dried oxalate. This salt was placed 
in a series of platinum boats in a combustion tube behind copper oxide. 
It was then burned in a stream of pure, dry oxygen, and the carbonic 
acid and water were collected after the usual method. Ten experiments 
were made; in all of them the above-named products were estimated, 
and in five analyses the resulting ceric oxide was also weighed. By de- 
ducting the water found from the weight of the air-dried oxalate, the 
weight of the anhydrous oxalate is obtained, and the percentages of its 
constituents are easily determined. In weighing, the articles weighed 
were always counterpoised with similar materials. The following weights 
were found: 


Oxalate. Water. GOs. (CAO). 
9.8541 grm, 2.1987 grm, B860120cn eee 
9.5368 ‘' 2ET2 OOM BeOS ee cs he 
952950) «35° ZEOWRsa) ©° BSAA G «SOs ae era 
10,0495 ‘‘ e223 04 BET TO4e | SSRN «Tite Aare: 
10.8249 ‘ ZTANA Sea OG SO. SE" Re eee 
ga3670 2.0907 ‘* SS io 4.6150 grm. 
9.7646 <‘ 2a OG 3.6616 ‘ Fiaeyieyey Gt 
9.9026 “ 2.2075 e Bi7/ieetey SC 4.8824 °* 
Brewin oe 28270). By 7/25 ARS QZ ten 
9.5324 “ 20207)" 3.57 35a 4.6974 “ 


These figures give us the following percentages for CO, and CeO, in the 
anhydrous oxalate: 





* Journ. fiir Prakt. Chem., 120, 222. 1875. 
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Gor CeO). 
ASIZ5OFlr. SESS ESN RR ie ome sa TRY ceeegerees 
ASSAA ONE. GAEL RE Be cee 
ASSDAS 2 a Me Ae ey 2h I AL Se ayaa 
Ar al tah ieee) nn bei ia Me hh tes ean 
AS RT ee a Te ae 2 a 
48.258 63 417 ; 
48.257 63.436 
48.262 63.446 
48.249 63.429 
48.253 63-430 

Mean, 48.2546 + .0o1 Mean, 63.4316, + .0032 


These results could not be appreciably affected by combination with 
the single oxalate experiments of Jegel and of Rammelsberg, and the 
latter may therefore be ignored. 

Robinson’s work, published in 1884,* was based upon pure cerium 
chloride, prepared by heating dry cerium oxalate in a stream of dry, 
gaseous hydrochloric acid. This compound was titrated with standard 
solutions of pure silver, prepared according to Stas, and these were 
weighed, not measured. In the third column I give the ratio between 
CeCl, and 100 parts of silver: 


G2Gi. Ag. Ratio. 
5.5361 7.26630 76.189 
6.0791 7.98277 76 172 
6.4761 8.50626 76.133 
6.98825 9.18029 3 76,122 
6.6873 8.78015 76.164 
7.0077 9.20156 76.158 
6.9600 9.13930 76.150 





Mean, 76,155, - .0065 


Reduced to a vacuum this becomes 76.167. 

In a later paper,f Robinson discusses the color of ceric oxide, and 
criticises the work of Wolf. He shows that the pure oxide is not white, 
and makes it appear probable that Wolf’s materials were contaminated 
with compounds of lanthanum. He also urges that Wolf’s cerium sul- 
phate could nat have been absolutely definite, because of defects in the 
method by which it was dehydrated. 

Brauner,{ in 1885, investigated cerium sulphate with extreme care, 
and appears to have obtained material free from all other earths and 
absolutely homogeneous. The anhydrous salt was calcined with all 


* Chemical News, 50, 251. Nov. 28, 1884. Proc. Roy. Soc., 37, 150. 
+ Chemical News, 54, 229. 1886. 
{ Sitzungs. Wien. Akad., Bd. 92. July, 1885. 
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necessary precautions, and the data obtained, reduced to a vacuum, were 
as follows: 


Ce,(SO,)s. GZor Per cent. CeQ,. 
2.16769 1.31296 60.5693 
2.43030 1.47205 60.5707 
2.07820 1.25860 60.5620 
2.21206 1.33989 60.5721 
1.28448 -77845 60.6043 
1.95540 1.18436 60.5687 
2.46486 1.49290 60.5673 
2.04181 1.23733 60.5997 
2.17714 1.31878 60.5739 
2.09138 1.26654 60.5605 
2.21401 1.34139 60.5863 
2.44947 1.48367 60.5711 
2.22077 1.35073 60.5771 
2.7 3662 1.65699 60,5486 
2.02614 1.59050 60.5642 
1.67544 1.01470 60,5632 
1.57955 -95540 60,6007 
2.72882 1.65256 60,5600 
2.10455 1.27476 60.5716 
2.10735 1.27698 60.5965 
2.43557 1.47517 60.5692 
3.01369 1.82524 60.5649 
4.97694 3-01372 60.5537 


Mean, 60 5729, + .0021 





This mean completely outweighs the work done by Wolf and Wing, 
so that upon combination the latter practically vanish. Wing’s mean is 
arbitrarily given equal weight with Wolf’s, and the combination is as 
follows: 


AVVio fe a apne ee LS Ramah De oes & 60.366, - .0308 
iil on trae ree rersietenn siatgeiciatn aie es ise & kusete eis 60.244, + .0308 
ESPADA Tike eee aay TIS ec) eh ares ncn ey Saat 60.5729, + .0021 

Generalimeanh =e tae esac < roe rae 60.566, -- .0021 


In 1895 several papers upon the cerite earths were published by Schutz- 
enberger.* In the first of these a single determination of atomic weight 
is given. Pure CeO,, of a yellowish white color, was converted into sul- 
phate, which was dried in a current of dry air at 440°. This salt, dis- 
solved in water, was poured into a hot solution of caustic soda, made 
from sodium, and, after filtration and washing, the filtrate, acidulated 
with hydrochloric acid, was precipitated with barium chloride. The 
trace of sulphuric acid retained by the cerium hydroxide was recovered 
by re-solution and a second precipitation, and added to the main amount. 





* Compt. Rend., 120, pp. 663, 962, and 1143. 1895. 
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100 parts of Ce,(SO,), gave 125.30 of BaSO,. This may be assigned equal 
weight with one experiment in Marignac’s series, giving the following 
combination : 


Hiennianite ric stare ero ean ee: 123 926, + .238 

Marisnaci.'s £2 cisetaneusisias ate ecensioner corte 122.40, + .138 

Schutzenbergers.n een eee ee eae 123.30, + .238 
Generalimeanths nance orion ree 122.958, + .1139 


Schutzenberger, criticising Brauner’s work, claims that the latter was 
affected by a loss of oxygen during the calcination of the cerium dioxide. 

In his second and third papers Schutzenberger describes the results 
obtained upon the fractional crystallization of cerium sulphate. Prepa- 
rations were thus made yielding oxides of various colors—canary yellow, 
rose, yellowish rose, reddish, and brownish red. These oxides, by syn- 
thesis of sulphates, the barium-sulphate method, etc., gave varying values 
for the atomic weight of cerium, ranging from 135.7 to 148.38. Schutzen- 
berger therefore infers that cerium oxide from cerite contains small 
quantities of another earth of lower molecular weight; but the results as 
given are not sufficiently detailed to be conclusive. The third paper is 
essentially a continuation of the second, with reference to the didymiums. 

Schutzenberger’s papers were promptly followed by one from Brauner,* 
who claims priority in the matter of fractionation, and gives some new 
data, the latter tending to show that cerium oxide is a mixture of at least 
two earths. One of these, of a dark salmon color, he ascribes to a new 
element, “ meta-cerium.” The other he calls cerium, and gives for it a 
preliminary atomic weight determination. The pure oxalate, by Gibbs’ 
method, gave 46.934 per cent. of CeO,, and, on titration with potassium 
permanganate, 29.503 and 29.506 per cent. of C,O,. Hence Ce = 138.799. 
In mean, this ratio may be written— 


3C,0, -i2CeO),:): 29.5045 ': 46.934, 


and to each of its numerical terms we may roughly assign the probable 

error + .001. This is derived from the average of the two titrations, and 

is altogether arbitrary. 
The ratios, good and bad, for cerium now are— 


Ge(SO,),.: 3 basO, --e100 :22,958) = 30149 
3Bas@,; 2€eO,: = 1007:)40,300,-- 4035 

3BaGl,s Ce,(SO;,),-: = 100): O1L625,, --/-016 

3AgCl : CeO, : : 100: 40.469, + .0415 

Percentage CeO, from Ce,(SO,)3, 60.566, + .0021 
Percentage CeO, from Ce,(C,O,4)3, 63.4316, +: .0032 
Percentage CO, from Ce,(C,O,)3, 48.2546, + .oor, 
3Ag : CeCl, : : 100: 76.167, + .0065 

3C,O, : 2CeO, : : 29.5045, + .OO1 : 46.934, + .OOI 


PO OR TN nm 





* Chem. News, 71, 283. 
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To reduce these ratios we have 





O = 15.879, + .0003 C = I1.920, + .0004 
Cl P35 ar79) ==).6048 S = 31.828, -— .0o15 
Ag == TO7.108, == 0031 Ba = 136.392, + .0086 
AgCl = 142.287, + .0037 


From the ratios, with these intermediate data, we can get two values 
for the molecular weight of Ce,(SO,),, and five for that of CeO,. For 
cerium sulphate we have— 





EVO Tias (as teens otro her eas os Ce,(SO,)3 = 565.404, + .1670 
romp 3\\aheterets yee nepauceahy stars.» sc = 568.304, - .1054 
General meani.as.4 tes: Ce,(SO,)3 = 567.478, + .o8g1 


Henee Ce: = 140,728, = .0451. 
For ceric oxide the values are— 





Eiromms (2) aryetette ees ake SN ereiep tie ears CeO, = 171.577, + .1218 
EOUM (AN Neem eyo = Cera ioe ca S== 17274052 72 
PE UEOMTIN (GGA) ey Seahatey Seve pases oeerene rs aiseei te == 17.0:3 70) = Oll5 
OME (O) Poreccuer. ore ah essa e,oscalion late, <i 2 eae Olin 
TSO MnO) eenety coy terhhoyeteysuer = ce sys site cr = 17 OSS SOG 710 

(Cenerallmeanneanmnnaee cer CeO, = 170.827, -++ .0060 


And Ce = 139.069, + .0061. 
For cerium itself, four independent values are now calculable, as 
follows: 


From molecular weight of sulphate... Ce = 140.723, + .0451 
From molecular weight of dioxide... ‘‘ = 139,069, + .0061 
rOmpratton(S) terse ae oe c: *¢ = 139.206, + .0263 
FOMNTAUION(7) Pe taia retin aioe oie atcha 5 sas © = 140.516, + .0047 

Generallimeanaeereys ieee Ce = 140,113, + .0036 


ii Or= 16; Ce = 141.181; 

It must be admitted that this combination is of very questionable 
utility. Its component means vary too widely from each other, and in- 
volve too many uncertainties. Furthermore, Schutzenberger and Brau- 
ner both impugn the homogeneity of the supposed element, as it has 
hitherto been recognized. Even if no “ meta-elements ” are involved in 
the discussion, it seems clear, on chemical grounds, that the tyvo lower 
values are really preferable to the two higher, and that ratio (7) receives 
excessive weight. The general mean obtained is probably a full unit too 
high. The value 139.1 is perhaps nearly correct. 
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LANTHANUM. 


Leaving out of account the work of Mosander, and the valueless ex- 
periments of Choubine, we may consider the estimates of the atomic 
weight of lanthanum which are due to Hermann, Rammelsberg, Marig- 
nace, Czudnowicz, Holzmann, Zschiesche, Erk, Cleve, Brauner, Bauer, 
and Bettendorff. 

From Rammelsberg* we have but one analysis. .700 grm. of lantha-° 
num sulphate gave .883 grm. of barium sulphate. Hence 100 parts of 
BaSO, are equivalent to 79.276 of La,(SO,),. 

Marignac,+ working also with the sulphate of lanthanum, employed 
two methods. First, the salt in‘solution was mixed with a slight excess 
of barium chloride. The réSulting barium sulphate was filtered off and 
weighed ; but, as it contained some occluded lanthanum compounds, its 
weight was too high. In the filtrate the excess of barium was estimated, 
also as sulphate. This last weight of sulphate, deducted from the total 
sulphate which the whole amount of barium chloride could form, gave 
the sulphate actually proportional to the lanthanum compound. The 
following weights are given: 


LG SON BaCcl,. rst BaSO,. 2d BaSO,. 
4.346 grm, * 4.758 grm, 5.364 grm, -I115 grm, 


4.733 “ 5.178 “cc 5.848 “ce -147 “ 


Hence we have the following quantities of La,(SO,), proportional to 
100 parts of BaSO,. Column A is deduced from the first BaSO, and 
column B from the second, after the manner above described : 








NG B. 
81.0227 83.281 
80.934 83.662 
Mean, 80.978, + .030 Mean, 83.471, + .128 
Ferm tAtye Sm Oey ose ata e Maen e ee ore Nees Wal SAY 
From) Bisa aceite oe ce eater nat hin sianle =a 7at3 


A agrees best with other determinations, although, theoretically, it is 
not so good as B. 

Marignac’s second method, described in the same paper with the forego- 
ing experiments, consisted in mixing solutions of La,(SO,), with solutions 
of BaCl,, titrating one with the other until equilibrium was established. 
The method has already been described under cerium. The weighings 





* Poggend. Aunalen, 55, 65. 
f+ Arch. Sci. Phys. et Nat. (1), 11, 29. 1849. 
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give maxima and minima for BaCl,. In another column I give La,(SO,), 
proportional to 100 parts of BaCl,, mean weights being taken for the 


latter : 
La,(SO,)s. BaCly. Ratio. 4 
11.644 grm. 12.765 — 12.825 grm. g1.004 
1202500 13.195 — 13.265 ‘‘ 90.968 
10.690 ‘‘ 11.669 — 11.749 ‘‘- Q1I.297 
1267/50) on 13.920 — 14.000 ‘' 91.332 
LOMAS 7M 11.734 — 11.814 ‘‘ 91.362 
122072000 13.813 — 13.893 “ 91.475 

. 9.246 ‘ 10.080 — 10,160 ‘‘ 91. 364 
LOF2Q2)) se II,204 — 11.264 ‘‘ gt.615 
TOL1G2) > Ie —— 7 To 91.482 





Mean, 91.322, + .048 

Hence La = 140.2. 

Although not next in chronological order, some still more recent work 
of Marignac’s* may properly be considered here. The salt studied was 
the sulphate of lanthanum, purified by repeated erystallizations. In two 
experiments the salt was calcined, and the residual oxide weighed ; in 
two others the lanthanum was precipitated as oxalate, and converted into 
oxide by ignition. The following percentages are given for La,O, : 


2H ae a By calcination. 


— 


57. 55 J Ppt. as oxalate. 





Mean, 57.5475, + .OITS 


The atomic weight determinations of Holzmann + were made by analy- 
ses of the sulphate and iodate of lanthanum, and the double nitrate of 
magnesium and lanthanum. In the sulphate experiments the lantha- 
num was first thrown down as oxalate, which, on ignition, yielded oxide. 
The sulphuric acid was precipitated as BaSO, in the filtrate. 


a (SOys a0: BaSO,. 
.9663 grm. .5157 grm. 1.1093 grm. 
10226) 51" sBB2s a AUZB uae 
.8669 ‘‘ 74.026) | ° .9869 “ 


These results are best used by taking the ratio between the BaSO,, put 
at 100, and the La,O,. The figures are then as follows : 
46.489 
46 652 
46.873 





* Mean, 46.671, + .075 





* Ann. Chim. Phys. (4), 30, 68. 1873. 
} Journ. flr Prakt. Chem., 75, 321. 1858. 
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In the analyses of the iodate the lanthanum was thrown down as oxa- 
late, as before. The iodic acid was also estimated volumetrically, but 


the figures are hardly available for present discussion. The following 
percentages of La,O, were found: 


23-454 
23.419 
23.468 





Mean, 23.447, + .0216 


The formula of this salt is La,(IO,),.38H,O. 


The double nitrate, La,(NO,),.3Mg(NO,),.24H,O, gave the following 
analytical data : 


Salt. LAO? MeO. JEG Om 
.5327 grm. .1569 grm. -O417 grm. .1131 grm, 
5 O38 kerase a7 34h a rO4G7) 0s 202m 
{Hoe OM 7 ee FO4A 2s = Tg 7? Ss 
B75 eee eS 4 Petree 0207 “ 0813 + 
3263 SEE Whee LAD rar tects 202/50 FOOOR Ie 


These weighings give the subjoined percentages of La,O,: 


2R2e 1 
21.278 
21.141 
21.640 
21.238 





Mean, 21.3056, + .058 


These data of Holzmann give values for the molecular weight of La,O, 
as follows: 


Hromesmiphaten.< o-cscei chioiscis siete 6 unset La,O, = 322.460 
Hromiodates. a sae ne ercroi aeaeerate ‘13208720 
romemacnesianin trate eee eer 5222004 


Czudnowicz* based his determination of the atomic weight of lantha- 
num upon one analysis of the air-dried sulphate. The salt contained 
22.741 per cent. of water. 


.598 grm. gave .272 grm. La,O, and .586 grm. BaSQ,. 


The La,O, was found by precipitation as oxalate and ignition. The 
BaSO, was thrown down from the filtrate. Reduced to the standards 
already adopted, these data give for the percentage of La,O, in the anhy- 
drous sulphate the figure 58.668. 79.117 parts of the salt are propor- 
tional to 100 parts of BaSQ,. 





* Journ. fiir Prakt. Chem., 80, 33. 1860. 
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Hermann * studied both the sulphate and the carbonate of lanthanum. 
From the anhydrous sulphate, by precipitation as oxalate and ignition, 
the following percentages of La,O, were obtained : 

57-690 


57.663 
57.610 





Mean, 57.654, - .o16 


The carbonate, dried at 100°, gave the following percentages : 
68.47 La,O,. 

27207, CO: 

3.86 H,O. 


Reckoning from the ratio between CO, and La,O,, the molecular weight 
of the latter becomes 324.254. 

Zschiesche’s f experiments consist of six analyses of lanthanum sul- 
phate, which salt was dehydrated at 230°, and afterwards calcined. I 
subjoin his percentages, and in a fourth column deduce from them the 
percentage of La,O, in the anhydrous salt : 


LO: Or La,O;. La,O, in Anhydrous Salt. 
22.629 33-470 43.909 56.745 
22.562 33-306 44.132 56.964 
22.730 33. 200 44.070 57-034 
22.570 33-333 44.090 56.947 
22.610 33.160 44.240 57.150 
22.630 33.051 44.310 57-277 





Mean, 57.021, + .O5| 


Erk { found that .474 grm. of La,(SO,),, by precipitation as oxalate and 
ignition, gave .2705 erm. of La,O,, or 57.068 per cent. .7045 grm. of the 
sulphate also gave .8815 grm. of BaSO,. Hence 100 parts of BaSO, are 
equivalent to 79.921 of La,(SO,),. 

From Cleve we have two separate investigations relative to the atomic 
weight of lanthanum. In his first series § strongly calcined La,O,, spec- 
troscopically pure, was dissolved in nitric acid, and then, by evaporation 
with sulphuric acid, converted into sulphate: 


1.9215 grm,. La,O, gave 3.3365 grm. sulphate. 57.590 per cent. 
2.0570 a 3-5795 i S7eGty 
1,6980 <S 2.9445 i 5 7, OO 
2.0840 4 3.6170 as Olja 
EGOS65 =. |S 3.3960 ‘ BROr2 nas 





Mean, 57.619, + .0085 





* Journ, fiir Prakt. Chem., 82, 396. 1861. 

} Journ. fiir Prakt. Chem., 104, 174. 

ft Jenaisches Zeitschrift, 6, 306. 1871. 

2K. Svensk. Vet. Akad. Handlingar, Bd. 2, No. 7. 1874. 
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From the last column, which indicates the percentage of La,O, in 
La,(SO,),, we get, if SO, = 80, La = 139.15. 

In his second paper,* published nine years later, Cleve gives results 
similarly obtained, but with lanthanum oxide much more completely 
freed from other earths. The data are as follows, lettered to correspond 
to different fractions of the material studied : 


B. _.8390 grm, La,O, gave 1.4690 sulphate. 57.466 per cent. 


{ 1.1861 ac 2o6aa) at 57 458; <% 
c.4 .8993 . 1.5645 ‘* 577482 
ry 28685 et TOS me ec EAS 0 eaas 
L 8515 rasuy | oe 57.4080. 

D i .6486 os 1.1282 as Be4OOM mn. 
AG. 73829 st r.2740 |< 57500 a 
ele 2477 as 2.1703 gC S7jeceloy 9 
_ ee “e 2.0217 « E74 Olena 
* (1.5749 ZUG TETAS S7-A08 eas 
G ee 223248 UN 574g Te hs 
"(1.4455 oe 2a TAN aes Bredtsy 





Mean, 57.480, + .0040 
Hence with SO, = 80, La = 138.22. 
From Brauner we also have two sets of determinations, both based upon 
the conversion of pure La,O, into La,(SO,),. 
In his first paper, Brauner + gives only two syntheses, as follows: 


1.75933 grm. La,O, gave 3.05707 La,(SO,)s. 
.92417 ee 1.60589 s 


57-506 per cent. 
57-5490 





Mean, 57.5575 


This mean we may regard as of equal weight with Marignac’s, and 
assign to it the same probable error. 

In Brauner’s second paper { six experiments are given; but the weights 
are affected by a misprint in the second determination, which I am un- 
able to correct. Only five of the syntheses, therefore, are given below. 


-7850 grm, La,O, gave 1.3658 La,(SO,);. 57.476 per cent. 


2.1052 ie 316633 “ SRA OFM nos 
11,0010 I.7411 a 57-525 
1.3807 2.4021 ae Sie) 
T5215 2.6588 at ST RAS LO es 





Mean, 57.480, + .0084 


Brauner’s weighings are all reduced to a vacuum. 
Both Bauer and Bettendorff made their determinations of the atomic 





*K. Svensk. Vet. Akad. Handlingar, No. 2, 1883. 
+ Journ, Chem. Soc., Feb., 1882, p. 68. 
{ Sitzungsb. Wien. Akad., June, 1882, Bd. 86, II Abth. 
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weight of lanthanum by the same general method as the preceding 
Bauer’s data * are as follows: 


.6431 grm. La,O, gave 1.1171 sulphate. 57.569 per cent. 
-7825 is 1.3613 ce SPA O2 ase 
I.O112 < eyAsyAL es SAO) & aet 
+7325 is 1.2725“ 57.564 “ 





Mean, 57.541, + .0136 
Bettendorff found -— 


.9146 grm, La,O, gave 1.5900 sulphate. 57.522 per cent. 
+9395 7 1.6332“ 5752500 a 
-9133 . 1.5877“ 57-2 ane 
1.0651 of 1.8515 oe CeO mies 





Mean, 57.524, + .0006 


We may now combine the similar means into general means, and de- 
duce a value for the atomic weight of lanthanum. For the percentage of 
oxide in sulphate we have estimates as follows. The single experiments 
of Czudnowicz and of Erk are assigned the probable error and weight of 
a single experiment in Hermann’s series : 


SPL Ee LUNN ated tale) ciieheis shee nets 58.668, + .027 
KSA ech TR ACI apes rei ee ki hist techs 57.068, -+ .027 
Herrman: eee tel feo aee Moke tahayy Sict db woes 57-054; a= O16 
ZS CHESS pom crate oy tettcvrst ata. sare <a 3 ee 57 2O2 In OS it 
Vari ona Che met cs treita Me avatar tele ear. c c aPel ss 57-5475, & .O115 
ClevemeanilenSenlessanrermrant ts trcinics mnie Ac 57.619, - .0085 
Clever latemsentesey = aaa. icici os 57.480, - .0040 
anise, CHINE SOUS sooo boobs neouebane 57255755 Se -ONT5 
Bauer, LENE NSIS, bon oo Bocce peaeor 57-480, -- .0084 
SAU CT Meee eve ee tieet nero aa tenaiiorsness octaltals Gyiogyely == ONO 
Bettendoniias cating sk sce cee oe s'e oe 57-524, = .0006 

Gone WAS s.odocpauseouade 08 57522) ==.00059 


This result is practically identical with that of Bettendorff, whose work 
seems to receive excessive weight. The figure, however, cannot be far 
out of the way. 

For the quantity of La,(SO,), proportional to 100 parts of BaSO,, we 


have five experiments, which may be given equal weight and averaged 
together : 


IMiaint oral Ceepye nen pememnser L S 2 oe aerate ee SO sO22 
Miao aC hater ee rer dda sy) 5 3 house cede Maen 80.934 
Nain els DET Sepa eet nig) =) in tie cm crete ERS re ene 79.276 
SzUGMOWACZ Pro Peersiier ace tivo: syn eco ea.c nereoe | acer ener Se AO aah 7 
LE oT aed borae MG et EEE EE Sa CHR Se lc a 79.921 





Mean, 80.054, + .270 


* Freiburg Inaugural Dissertation, 1884. 
+ Ann. d. Chem.,9256, 168. 
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In all, there are six ratios from which to calculate : 


(1.) Percentage of La,O, in La,(SO,)3, 57.522, -- .00059 

(2.) 3BaCl, : La,(SO,), : : 100 : 91.322, + .o48—Marignac 

(3.) 3BaSO, : La,(SO,), : : 100 : 80.054, + .270 

(4.) 3BaSO,: La,O, : : 100 : 46.671, + .o75 Holzmann 

(5.) Percentage of La,O, in iodate, 23.447, -- .0216—Holzmann 

(6.) Percentage of La,O, in magnesian nitrate, 21.3056, ++ .o58—Holzmann 


Hermann’s single experiment on the carbonate is omitted from this 


scheme as being unimportant. 


For the reduction of these data we have— 
\ 





Oy 15.879, ==.0003 N == 53.935) = ).0027 
Cl= 35.179, + .0048 C1920) == 0004! 
I ~125.888, + .0069 ‘ Mg= 24.100, + .oo1! 
S = 31.528, += .o015 Ba = 136.392, + .0086 
For lanthanum sulphate two values are obtainable : 
Promy(2)t aa cee ae ewe La,(SO,), = 566.425, + .2999 
Frome (3) i.e eae oe eee ee = 556.542, + 1.8729 
Generalimecaneene ene La,(SO,)3 = 566.182, + .2961 


Hence La = 140.075, + .1481. 
For the oxide there are four independent values. as follows: 


BROnI (TE) hac cpr eee eee La,O, = 322.825, + .0090 
Brom (4) icc .esec sect aeeech ate Ftats “== 322.460, + .5215 
Bron i(5)) he 3 ahs einer eee rete “== 320.726, + .3159 
Biroxiy (GO) iets ine cree eee ers 322.004 Oloy, 


A glance at these figures shows that the first alone deserves considera- 
tion, and that a combination of all would vary inappreciably from it. 


Taking, then, La,O, = 322.825, + .0090, we get— 
La = 137.594, + .0046; 


or, with: @ = 16, la == 138.642: 





If we take the concordant results of Cleve’s and Brauner’s later series, 
which give the percentage of La,O, in La,(SO,), as 57.480, then La = 
157.516. Possibly this value may be better than the other, but the evi- 


dence is not conclusive. 


THE DIDYMIUMS. Sok 


THE DIDYMIUMS. 


Leaving Mosander’s early experiments out of account, the atomic 
weight of the so-called “ didymium ” was determined by Marignac, Her- 
mann, Zschiesche, Erk, Cleve, Brauner, and Bauer. All of these data 
now fae only historical value, and may be disposed of very briefly. 

Marignac* determined the ratios between didymium sulphate and 
barium sulphate, between silver chloride and didymia, and between 
didymium sulphate and didymium oxide. The other determinations all 
relate to the sulphate-oxide ratio. Leaving all else out of account, the 
earlier data for the percentage of Di,O, in Di,(SO,), are as follows. The 
atomic weight of Di in the last column is based upon SO, = 80: 


Per cent. Di,O,. At. Wt. Di. 


Marignac,+ five experiments........... 58.270 143.56 
Ellerman One experimenteewrm ay. as) .)- 58.140 142.67 
Zschiesche,@ five experiments .... ..... 57.926 141,21 
Byres, | EWiOVERPELIMEN CS ware yereie ee e)-es 58.090 142.33 
Cleverlesixaexpecimentsemrriy-ier oo = 58.766 147.02 
Brauner Asthreevexperimentseeyee et. 58.681 146.42 


The discordance of the determinations is manifest, and yet up to 1883 
the elementary nature of didymium seems to have been undoubted. In 
that year, however, Cleve and Brauner both showed, independently, that 
the didymia previously studied by them contained samaria, and that 
source of disturbance was eliminated. 

In Brauner’s investigation +} the didymium compounds were carefully 
fractionated, and the determinations of atomic weight were made by 
synthesis of the sulphate from the oxide in the usual way. Neglecting 
details, his first series gave results as follows: 


Per cent. D1,03. At. Wt. 
58.506 145.36 
58.526 145.50 
58.500 145.31 
58.515 145.42 
58.531 145.53 





*Two papers: Arch. Sci. Phys. et Nat. (1), 11, 29. 1849. Ann. Chim. Phys. (3), 38, 148. 1853. 

+ Ann. Chim. Phys. (3), 38, 148. 1853. 

{ Journ. fiir Prakt. Chem., 82, 367. 1861. 

2 Journ. fiir Prakt. Chem., 107, 74. 

|| Jenaisches Zeitschrift, 6, 306. 1871. 

q K. Svensk. Vet. Akad. Handl., Bd. 2, No. 8. 1874. 

** Berichte, 15, 109. 1882. 

t+ Journ. Chem. Soc., June, 1883. The values given are ascomputed by Brauner, with O = 16 
and S = 32.07. 
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Another determination, with material refractionated from that used in 
his investigation of the previous year, gave 58.512 per cent. Di,O, and 
Di = 145.40. 

These determinations, although concordant among themselves, are 
still about a unit lower than those published in 1882, indicating that in 
the earlier research some earth of higher molecular weight was present. 
Accordingly, another series of fractionations was carried out, and the 
several fractions of * didymia” obtained gave the following values : 


Fraction. LCT COULD Is Os: Acme Dace 
Tiattecirce Sahin arenas . 58.355 144.32 
Dion oe i iernee Meee ate elem eee 58.479 145.16 
BES Sen Sa eee eee ee 58.510 145.39 
MS GAe Nene take ENS POE ee 58.755 147.10 
BRUCE red te de or ate ee (psee278 149.35 
| 59.086 149.46 


The last fraction is evidently near samaria (Sm = 150), and this earth 
was proved to be present by a study of the absorption spectra of the 
material investigated. 

Similar results, but in some respects more explicit, were obtained by 
Cleve,* who also found that his earlier research had been vitiated by the 
presence of samaria. He gives two series of syntheses of sulphate from 
oxide, with two different lots of material, after eliminating samaria, and 
obtains, computing with SO, = 80, values for Di as follows: 


First Series. 


Per cent. Di,O3. AL VAL De 
58.088 142.31 
58.113 142.49 
58.047 142.03 
58.099 142.39 
58.104 142.42 
58.098 142.38 
58. 104 142.42 
58.103 142.42 
58.070 142.19 
58.079 142.25 

Second Series. 

Per cent. Di,03. Alco tae er 
58.125 142.57 
58.093 142.35 
58.088 142.31 
58.111 142.47 
58.056 142.10 
58.097 142.38 
58.057 142.10 


In short, the atomic weight of this “ didymium ” is not far from 142. 


* Bull. Soc. Chim., 39, 289. 1883. Ofv. K. Vet. Akad, Férhandl., No. 2, 1883. 
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Bauer’s little known determinations * were also made by the synthesis 
of the sulphate. They have corroborative value and are as follows : 


err CCHtLaD) Un On. At. Wit. Di. 
58.285 143.56 
58.100 142.40 
58.133 142.64 
58.098 142.38 


In 1885 all of the foregoing determinations were practically brushed 
aside by Auer von Welsbach,f who by the most laborious fractionations 
proved that. the so-called “didymia” was really a mixture of oxides, 
whose metals he names neodidymium and praseodidymium, names 
which are now commonly shortened into neodymium and praseodymium. 
One of these metals gives deep rose-colored salts, the other forms green 
compounds, and the difference of color is almost as strongly marked as 
in the cases of cobalt and nickel. Their atomic weights, determined by 
the sulphate method, are given by Welsbach a:— 


Pil 114376 
Nd = 140.8 


No further details as to these determinations are cited, and whether 
they rest upon O = 16, SO, = 80, or O = 15.96 is uncertain. Fuller deter- 
minations are evidently needed. 





* Freiburg Inaugural Dissertation, 1884. 
+ Monatsh. Chem., 6. 490. 1885. 


304 THE ATOMIC WEIGHTS. 


SCANDIUM. 


Cleve,* who was the first to make accurate experiments on the atomic 
weight of this metal, obtained the following data: 1.451 grm. of sulphate, 
ignited, gave .5293 grm. of Sc,0,. .4479 grm. of Sc,O,, converted into 
sulphate, yielded 1.2255 grm. of the latter, which, upon ignition, gave 
4479 grm. of Sc,0,. Hence, for the percentage of Sc,O, in Sc,(SO,), we 
have: 

36.478 
36.556 
36.556 





Mean, 36.530, + .0175 


Hence, if SO, = 79.465, Sc = 44.882. 

Later results are those of Nilson,t who converted scandium oxide into 
the sulphate. I give ina third column the percentage of oxide in sul- 
phate: 


-3379 grm. Sc,O, gave .9343 grm. Sc,(SO,)3. 36.166 per cent. 


»3015 ie .8330 36.194“ 
.2998 “ce .8257 ce 36.187 ce 
3192 “ .8823 oe BONL Ones 





Mean, 36.181, + .004 


Hence Sc = 49.758. 
Combining the two series, we have 





CEN Ga rere ana sy eee Nees lst re cack ae 36.530, - .O175 
INGISOT aaa ee gee eee OE RS et 36.181, + .0040 
Generalameanae eee er ei ei 36.190, + .0039 


Hence, with SO, = 79.465, + .00175, 
Cl 43 n 7 OA = sOOSh. 
If O' = 16, Sc = 44.118. 
As between the two values found, the presumption is in favor of the 


lower. The most obvious source of error would be the presence in the 
scandia of earths of higher molecular weight. 





* Compt. Rend., 89, 419. 
7 Compt. Rend., of, 118. 
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YTERIUME 


All the regular determinations of the atomic weight of yttrium depend 
upon analyses or syntheses of the sulphate. A series of analyses of the 
oxalate, however, by Berlin,* is sometimes cited. and the data are as fol- 
lows. In three experiments upon the salt Yt,(C,O,),3H,O the subjoined 
percentages of oxide were found: 

45.70 
45.65 
45.72 


Mean, 45.69, + .oI4I 
Hence with O = 15.879 and C = 11.920, 
Yt = 88.943. 


Ignoring the early work of Berzelius,t the determinations to be con- 
sidered are those of Popp, Delafontaine, Bahr and Bunsen, Cleve, and 
Jones. 

Popp { evidently worked with material not wholly free from earths of 
higher molecular weight than yttria. The yttrium sulphate was dehy- 
drated at 200°; the sulphuric acid was then estimated as barium sul- 
phate, and after the excess of barium in the filtrate had been removed 
the yttrium was thrown down as oxalate and ignited to yield oxide. 
The following are the weights given by Popp: 


Sulphate. BaSO,. VEO». H7,0O. 
1.1805 grm, 1.3145 grm. .4742 grm. .255 grm. 
1.4295 “ E5931, SAS 7 .308 
ro455 at -9407 “* 23392. 1825 
1.0450 Haihowiy | UE PATIOS ice .2258 ‘ 


Eliminating water, these figures give us for the percentages of Yt,O, in 
Yt,(SO,), the values in column A. In column B I put the quantities of 
Yt,O, proportional to 100 parts of BaSO, : 








A. B. 
51.237 36.075 
51.226 36.064 
51.161 36.058 
51.209 36.055 
Mean, 51.208, + .o1I Mean, 36.063, + .003 


From B, Yt = 101.54. The values in A will be combined with similar 
data from other experimenters. 
a 





* Forhandlingar ved de Skandinaviske Naturforskeres, 8, 452. 1860. 
+ Lehrbuch, V Aufl., 3, 1225. 
ft Ann. Chem. Pharm., 131, 179. 1854. 
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In 1865 Delafontaine* published some results obtained from yttrium 
sulphate, the yttrium being thrown down as oxalate and weighed as 
oxide. In the fourth column I give the percentages of Yt,O, reckoned 
from the anhydrous sulphate: 


Sulphate. Vi, 05. JO} LCHICCILEN EY bn One 
.9545 grm. .371 grm. .216 grm, 50.237 
Dei |. UC .9585 ‘“‘ ayes s 49.922 
ZNSSt ie 82700" -4935 “ 49.834 





Mean, 49.998, + .o81 


In another papert Delafontaine gives the following percentages of 
Yt,O, in dry sulphate. The mode of estimation was the same as before : 


48.23 
48.09 
48.37 


Mean, 48.23, + .055 





Bahr and Bunsen, { and likewise Cleve, adopted the method of con- 
verting dry yttrium oxide into anhydrous sulphate, and noting the gain 
in weight. Bahr and Bunsen give us the two following results. I add 
the usual percentage column: 


VWs. aE (SO ee VECIACCIUL mara Os 
.7266 grm, 1.4737 grm. 49. 304 
eS Onna 1.5956 “ 49.235 





Mean, 49.2695, + .0233 


Cleve’s first results are published in a joint memoir by Cleve “and 
Hoeglund,§ and are as follows: 


Min Ore VES O) Ne Per Cent. Yann. 
1.4060 grm, 2,8925 grm. 48.608 
T.0930 ‘ 2.2515 “ 48.545 
1.4540 “ 2.9895 ‘* 48.637 
2 05 aoe 2a B2Or 48.627 
2225 00min AnOB30) 48.624 . 
2ey7 SOM Ee OS Sumi 48.591 





Mean, 48.605, + .0096 


In a later paper Cleve || gives syntheses of yttrium sulphate made with 
yttria, which was carefully freed from terbia. The weights and percent- 
ages are as follows: 


* Ann. Chem. Pharm., 134, 108. 1865. 

+ Arch. Sci. Phys. et Nat. (2), 25, 110. 1866. 

t Ann. Chem. Pharm., 137, 21. 1866. 

2K. Svenska Vet. Akad. Handlingar, Bd. 1, No. 8. 1873. 
| K. Svenska Vet. Akad. Handlingar, No. 9, 1882. See also Bull. Soc. Chim., 39, 120. 1883. 
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VisOe Min SOA ss Per cent. Yt,O,. 
.8786 1.8113 48.507 
.8363 T7234) 48.520 
.8906 1.8364 48.497 
7102 1.4645 48.494 
-7372 1.5194 48.519 
-9724 2.0047 48.506 
.9308 1.9197 48.487 
.8341 1.7204 ; 48.483 
1.0224 2.1073 48.517 
-9384 1.9341 48.519 
-9744 2.0093 48.494 
1.5314 3.1586 48.484 





Mean, 48.503, + .0029 

Hence Yt = 88.449. 

The yttria studied by Jones* had been purified by Rowland’s method— 
that is, by precipitation with potassium ferrocyanide—and certainly con- 
tained less than one-half of one per cent. of other rare earths as possible 
impurities. Two series of determinations were made—one by ignition of 
the sulphate, the other by its synthesis. The results were as follows, with 
the usual percentage column added: 


First Series. Syntheses. 


SOx MintisiOg) es Per cent. Vt,O3. 
-2415 -4984 48.455 
4112 .8485 48.462 
.2238 -4617 48.473 
-3334 .6879 48.466 
.3408 -7933 48.457 
3418 -7049 48.489 
.2810 5798 45.465 
3781 -7803 48.456 
-4379 .9032 48.483 
.4798 .99CI 48 460 





Mean, 48.467, + .0025 


Second Series. Analyses. 


VES O,) se Min Oe VA BADE WULO}, 7 
.5906 .2862 48.459 
-4918 .2383 48.455 
-5579 -2705 48.485 
.6430 a7) 48.478 
-6953 .3369 48.454 

1.4192 .6880 48.478 
.8307 -4027 48.477 
-7980 .3869 48.484 
-8538 .4139 48.477 

1.1890 .5763 48.469 





Mean, 48.472, + .0024 








* Amer. Chem. Journ., 17, 154. 1895. 
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Promesy theses ame Ponte fortes. 3 Yt = 88.287 
From. anal ySesiis ccs ccvensveersecreueseereys ater nee {== 88,3209 


These data of Jones were briefly criticised by Delafontaine,* who re- 
gards a lower value as more probable. In a brief rejoinder} Jones 
defended his own work; but neither the attack nor the reply needs 
farther consideration here. They are referred to merely as part of the 
record. 

For the percentage of yttria in the sulphate we now have eight series 
of determinations, to be combined in the usual way: 


BO pp ene cute hic eae oe eased eet eae 51.208, - .o110 
Delafontaimestitsta eee nee BARR ae 49.998, + .o810 
Delatontainesseconda.-5 san eae anes 48.230, + .0550 
lovee! BWIA Laesocbnowuusoadeoce 49.2695, + .0233 
Glever earlier. iy aera iy ee ene Mice eee 48.605, + .0096 
Cleves flatten.) h. seas A ere Pe icny, ohana 48.503, - .0029 
\loneStesy;nUhesespa.a ney eseraer ei ent 48.467, =: .0025 
SJOmessramally SCS ys sy aepreee Pai nonare ne ..- 48.472, + .0024 

Generalinecann ere eee Reece eae 48.532, = .OO15 


Hence, if O = 15.879, + .0003, and S = 31.828, += .0015, 
Yt = 88.580, + .0053. 


Le ONG Yt S02 oo: 

If only the four series by Cleve and by Jones are considered, the mean 
percentage of yttria in the sulphate becomes 48.481. Hence Yt = 88.350, 
or, with O = 16, 89.023. 

This result is preferable to that derived from all the data, for it throws 
out determinations which are certainly erroneous. Cleve’s early series 
might also be rejected, but its influence is insignificant. 


* Chem. News, 71, 243. 
+ Chem. News, 71, 305. 
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SAMARIUM, GADOLINIUM, ERBIUM, AND YTTERBIUM. 


The data relative to the atomic weights of these rare elements are 
rather scanty, and all depend upon analyses or syntheses of the sul- 


phates. 
SAMARIUM. 


Atomic weight given by Marignac,* without details, as 149.4, and by 
Brauner,f as 150.7 in maximum. The first regular series of determina- 
tions was by Cleve, { who effected the synthesis of the sulphate from the 
oxide. , Data as follows: 


Sm,Os. Si1,(SO,)s. Per cent. Sin.,Os. 
1.6735 2.8278 59.180 
1.9706 3-330 59.175 
gia 1.8787 59.201 
1.0634 1.7966 59.190 
8547 1.4440 59.190 
-7447 1.2583 59.183 





Mean, 59.1865, + .0025 
Hence Sm = 149.088. 
Another set of determinations by Bettendorff,§ after the same general 
method, gave as follows: 


S773 Oe Sm,(.SO,4)3. Fer cent. Sim,O3. 
1.0467 1.7675 59.219 
1.0555 1.7818 59.238 
1.0195 1.7210 59.225 





Mean, 59,227, + .0038 
Hence Sm = 149.328. 
Combining the two series, we have 





(Cle Verma rte Maier ier Nests ste Lies its 59.1865, — .0025 
Bettendoriiacrise etnies sete sees ate wae 59.227, + .0038 
Generallmeaneerm mers ete sic 59.199, = .002I 


Hence, if SO, = 79.465, + .00175, 
Sil —— A Onl2 7, Ol se 
fi-O — 16 55m) — 150/268: 


According to Demareay,|| samaria contains an admixed earth whose 
properties are yet to be described. 





* Arch. Sci. Phys. et Nat. (3), 3,435. 1880. 

+ Journ. Chem. Soc., June, 1883. 

t Journ. Chem. Soc., August, 1883. Compt. Rend., 97, 94. 
#Ann,. Chem. Pharm., 263, 164. 1891. 

| Compt. Rend., 122, 728. «1896. 
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GADOLINIUM. 


This element, discovered by Marignac, must not be confounded with 
the mixture of metals from the gadolinite earths to which Nordenskidld 
gave the same name. Several determinations of its atomic weight have 
been made, but Bettendorff’s only were published with proper details.* 
He effected the synthesis of the sulphate from the oxide, and his weights 
were as follows. The percentage of Gd,O, in Gd,(SO,), is given in the 
third column: 


Gd,O3. Gd,(SO,)s. Per cent. Ga,O,. 
1.0682 1.7779 60,082 
1.0580 1.7611 60.076 
1.0796 1.7969 60.081 





Mean, 60,080, + .0013 

Hence, with SO, = 79.465, Gd = 155.575. 

iif O = 16, Gdi= 156.761: 

Boisbaudran 7 found Gd = 155.83, 156.06, 155.76, and 156.12. The last 
he considers the best, but gives no details as to antecedent values. He 
also quotes Marignac, who found Gd = 156.75, and Cleve, who found 
154.15, 155.28, 155.1, and 154.77. Probably these all depend upon 
SOP 30! 


ERBIUM. 


Since the earth which was formerly regarded as the oxide of this metal 
is now known to be a mixture of two or three different oxides, the older 
determinations of its molecular weight have little more than historical 
interest. Nevertheless the work done by several investigators may prop- 
erly be cited, since it sheds some light upon certain important problems. 

First, Delafontaine’s { early investigations may be considered. <A sul- 
phate, regarded as erbium sulphate, gave the following data. An oxalate 
was thrown down from it, which, upon ignition, gave oxide. The per- 
centages in the fourth column refer to the anhydrous sulphate. In the 
last experiment water was not estimated, and I assume for its water the 
mean percentage of the four preceding experiments : 


Sulphate. Er,O3. Jab(O Fer cent. E-r,0). 
.827 grm. -353 grm. -177 grm, 54.308 
1.0485 ‘‘ .4475 ‘‘ [220i 54-407 
S003 Ri 3415 “ STi 54.035 
1222 ey2t cs F204 ns 54.028 
TaD 5 O5iin LAO oes) Me Paso eto 54.760 





Mean, 54.308, + .0915 
Hence Kr—ll36; 





* Ann. Chem. Pharm., 270, 376. 1892. 
+ Compt. Rend., 111, 409. 18go. 
ftAnn. Chem, Pharm., 134, 108. 1865. 
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Bahrand Bunsen * give a series of results, representing successive puri- 
fications of the earth which was studied. The final result, obtained by 
the conversion of oxide into sulphate, was as follows: 


.7870 grm. oxide gave 1.2765 grm. sulphate. 61.653 per cent. oxide. 





Hence Er = 167.82. 
Hoeglund, + following the method of Bahr and Bunsen, gives these 


results : 


Eps. ESO.) a. Fer cent. £7,03. 
1.8760 grm. 3.0300 grm. 61.792 
ling ksjoyen ZIQUOO. 61.821 
2.84101 ss 425035 -<“ 61.848 
1.2850) Ov yeas 61.853 
Hnlizyoey TAS 27a ce 61.850 

SOA 75a ee TegyOn 61.861 





Mean, 61.8375, + .0063 
Hence Er = 169.33. 
According to Thalén,{ spectroscopic evidence shows that the “ erbia”’ 
studied by Hoeglund was largely ytterbia. 
Humpidge and Burney § give data as follows: 


1.9596 grm. Er,(SO,), gave 1.2147 grm. Er,O,. 61.987 per cent. 
1.9011 it 1.1781 as 61.965 . 





‘ Mean, 61.976, -_ .0074 
Hence Er = 170.46. 

The foregoing data were all published before the com posite nature of 
the supposed erbia was fully recognized. It will be seen, however, that 
three sets of results were fairly comparable, while Delafontaine evidently 
studied an earth widely different from that investigated by the others. 
Since the discovery of ytterbium, some light has been thrown on the 
matter. The old erbia is a mixture of several earths, to one of which, a 
rose-colored body, the name erbia is now restricted. For the atomic 
weight of the true erbium Cleve || gives three determinations, based on 
syntheses of the sulphate after the usual method. His weights were as 
follows, with the percentage ratio added: 


Er,Q3. FESO). Per cent. E-r,03. 
1.0692 1.7436 61.321 
1.2153 1.9820 61.317 
.7850 1.2808 61.290 





Mean, 61.309, - .0068 
Hence, with SO, = 79.465, Er = 165.059. 
MO — 16) He— 166.316: 


*Ann. Chem. Pharm., 137, 21. 1866. 

+K. Svenska Vet. Akad. Handlingar, Bd. 1, No. 6. 

{ Wiedemann’s Beiblitter, 5, 122. 1881. 

2 Journ. Chem. Soc., Feb., 1879, p. 116. 

|| K. Svensk. Vet. Akad. Handlingar, No. 7, 1880. Abstract in Compt. Rend., g1, 382. 
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It is not worth while to combine this result with the earlier determi- 
nations, for they are now worthless. 


YTTERBIUM. 


For ytterbium we have one very good set of determinations by Nilson.* 
The oxide was converted into the sulphate after the usual manner: 


Yb,03. Vb; (SO;).- EEPY CEME BN On Ons 
1,0063 grm, 1.6186 grm. 62.171 
T-ORZOuN Te OiIiam ce 62.149 

.8509 ‘‘ TeQOGOR c 62.155 
Byes Ler SO OLon 62.145 
120005 1.6099 ‘ 62.147 
ESOOO) <* Iago2 2c 62.126 
ZOOS me TO%SQu 62.134 





Mean, 62.147, + .0036 


Hence, with SO, = 79.465, Yb = 171.880. 
TiO 116; ¥ibi=—173 1:90) 


4 


TERBIUM, THULIUM, HOLMIUM, DYSPROSIUM, ETC. 


For these elements the data are both scanty and vague. Concerning 
the atomic weights of holmium and dysprosium, practically nothing has 
been determined. To thulium, Cleve} assigns a value of Tm = 170.7, 
approximately, but with no details as to weighings. Probably the value 
was computed with SO, = 80. 

For terbium, ignoring older determinations, Lecog de Boisbaudran has 
published two separate estimates. First, for two preparations, one with 
a lighter and one with a darker earth, he gives Tb =161.4 and 163.1 
respectively. In his second paper he gives Tb = 159.01 to 159.95. These 
values probably are all referred to SO, = 80. 








* Compt. Rend., 91, 56. 1880. Berichte, 13, 1430. 
+ Compt. Rend., 91, 329. 1880. 
t Compt. Rend., 102, 396, and 111, 474. 
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ARGON AND HELIUM. 


The true atomic weights of these remarkable gases are still in doubt, 
and so far can only be inferred from their specific gravities. 

For argon, the discoverers, Rayleigh and Ramsay,* give various deter- 
minations of density, ranging, with hydrogen taken as unity, from 19.48 
to 20.6. In an addendum to the same paper, Ramsay alone gives for 
the density of argon prepared by the magnesium method the mean value 
of 19.941. In a later communication + Rayleigh gives determinations 
made with argon prepared by the oxygen method, and puts the density 
at 19.940. } 

For the density of helium, Ramsay ¢ gets 2.18, while Langlet § finds 
the somewhat lower value 2.00. 

From one set of physical data both gases appear to be monatomic, but 
from other considerations they are supposably diatomic. Upon this 
question controversy has been most active, and no final settiement has 
yet been reached. If diatomic, argon and helium have approximately 
the atomic weights two and twenty respectively ; if monatomic, these 
values must be doubled. In either case helium is an element lying be- 
tween hydrogen and lithium, but argon is most difficult to classify. With 
the atomic weight 20, argon falls in the eighth column of the periodic 
system between fluorine and sodium, but if it is 40 the position of the gas 
is anomalous. A slightly lower value would place it between chlorine 
and potassium, and again in the eighth column of Mendelejeff’s table ; 
but for the number 40 no opening can be found. 

It must be noted that neither gas, so far, has been proved to be abso- 
lutely homogeneous, and it is quite possible that both may contain ad- 
mixtures of other things. This consideration has been repeatedly urged 
by various writers. If argon is monatomic, a small impurity of greater 
density, say of an unknown element falling between bromine and rubid- 
ium, would account for the abnormality of its atomic weight, and tend 
towards the reduction of the latter. If the element is diatomic, its classi- 
fication is easy enough on the basis of existing data. Its resemblances 
to nitrogen, as regards density, boiling point, difficulty of liquefaction, 
etc., lead me personally to favor the lower figure for its atomic weight, 
and the same considerations may apply to helium also. Until further 
evidence is furnished, therefore, I shall assume the values two and twenty 
as approximately true for the atomic weights of helium and argon. 





* Phil. Trans., 186, pp. 220 to 223, and 238. 1895. 
+Chem. News, 73, 75. 1896. 

ft Journ. Chem. Soc., 1895, p. 684. 

2 Zeitsch. Anorg. Chem., 10, 289. 1895. 
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TABLE OF ATOMIC WEIGHTS. 


The following table contains the values for the various atomic weights 
found or adopted in the preceding calculations. As the table is intended 
for practical use, the figures are given only to the second decimal, the 
third being rarely, if ever, significant. In most cases even the first deci- 
mal is uncertain, and in some instances whole units may be in doubt. 


ial (0) == 10). 

Aluminum sos a ce te Se ae 26.91 27.11 
ZATIGIMIOMYA ese Dieta, NOR ee tee Booey LOE 52 120.43 
ATGON Ecce ostineuneeiees tick eee ths ? ? 
ASTSONIG p04 Sai. che a Gel RON ROAR Jen AA 75.01 
Barium 8s Rinsho. crear RR Ea 136.39 137.43 
IBISMUCH Ae oe nt oe ee 200.54 208.11 
BOOM AAS? Sak taeda Rees =e 10,86 10.95 
BS KOMMUN SS ea ntsc ale et eR OR proce nice 79.34 79-95 
Gadminmesse: sued opis he Ae eo III.10 TI1.95 
Crestline. en eA cae ae oem ty | ee 131.89 132.89 
Caleiume. ges i. te Hee oa ois 39.76 40.07 
Carbone, shies te ci see cece at ey 11.92 12.01 
Gearing ey ei Mes eek eee mene wean ee 139.10 140,20 
GhlOniien eye rN eee eee oe 7 | 35-18 35-45 
(Ghigo manana ee apes ee eee re en 51.74 52.14 
Catal tet 2. Sc idlenthis Labs ee ae te oes 58.49 58.93 
Columbiu iiss: tL a eepeie wees one 93.02 93-73 
Copper te: Zi dsr vattas eae elie te a ks 63.12 63.60 
DTM eo tege oe Ae a Pern Pon 8 165.06 166, 32 
EL Worn exe Daivake. ees eee re 18.91 19.06 
Gadolintumeyy se ee ee eee een 155.57 156.76 
Gallia este Cele; Sek Ee eee 69.38 69.91 
Germanrulnie, T94 cee EEO. 71.93 72.48 
Glucinumiey pe eis verse ees 9.01 9.08 
Golly f3s eta, OR oir ee ya kee MOAI oR a LO s5a74 197.23 
Rule lenin ec ey ten eyees ss aa ge AO ara cper ? ? 
IBIGOUS Ne 654 ven dcoedsdde ene 1.000 1.008 
Triana ¥en etn es Me Dee ee L200 113.85 
Todinle eee! oth on tein Lc ees 125.89 126.85 
Driciminisys mae aces ne ee ces ees ae ee 191.66 193.12 
DOM es hee ery eas aay ae Ee 55-60 56.02 
Tanthanvmaiap /os els espe ae. lhe Seer ee aS 137.59 138.64 
Wea d!eccpnaes eistevshe te ee eee ee ree eee 205.36 206.92 
NSTC UM econ eet et nae era epee 6.97 7-03 
Magnesnim |. sen) omy ate ceva eee 24.10 24.28 
Man ganesey nc cins eae eee eee 54:57 54-99 
Miencinyat ncn aris Latah Ag NA vl eg ado) 200.00 
Moly bdemumip een see eer een 95.26 95-99 
Neodymium ....... pCR eter ahs ane aie 139.70 140.80 
Nickelassssn ie lavas, HAE ea 8 58.24 58.69 
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INS PORE 2.5! aa of ais ion Gace RNR RO 
OSIM 4 o dnbue Soe oMee 
OXRVE CI tere yam eee ie scsita a 1a 5 xe S04 oN 
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LETTER OF TRANSMITTAL. 


WASHINGTON, January 18th, 1897. 


The Committee of the American Association for the Advancement of 
Science having charge of Indexing Chemical Literature has voted to 
recommend to the Smithsonian Institution for publication the following: 
“A Bibliography of the Metals of the Platinum Group, 1748-1896,” 
by Prof. Jas. Lewis Howe, M. D., Ph. D. 


H. CARRINGTON BOLTON, Chairman. 


Mr. 8S. P. Laneey, 
Secretary of the Smithsonian Institution. 





PREPACE. 


The purpose of this Bibliography is to enumerate the articles upon the 
metals of the platinum group found in scientific literature to the close of 
the year 1896. It is sought to make the record of the chemistry of these 
metals as complete as possible, and it is believed that few references of 
importance are omitted. Chloroplatinates of organic bases are consid- 
ered only in the case of those early formed. Outside of the department of 
chemistry several divisions of the subject have not been followed beyond 
the earlier references, e. g., the use of platinum in electrical apparatus, 
in photography, and in connection with the X-rays. To facilitate the 
use of the indexes the number of each title includes the year. The first 
reference is that of the original article. The abbreviations used are gen- 
erally those recommended by the Committee on Bibliography of the 
American Association for the Advancement of Science. 

After having been engaged on this work for some time, the compiler 
obtained a copy of the pamphlet “ Fragment einer Monographie des 
Platins und der Platinmetalle,’” by C. Claus. This was published in 1883 
by the St. Petersburg Académie des Sciences, from papers found after 
Professor Claus’ death, which had occurred more than twenty years be- 
fore. But three hundred copies of the pamphlet were printed and it is 
very rare. Among other material it contains a quite complete biblio- 
graphy of the platinum metals, brought down to 1861, but unfortunately, 
owing probably to the illegibility of the manuscript, it suffers from very 
many errors. It is a critical bibliography and hence, owing to the 
author’s unique knowledge of the platinum metals, is very valuable. 

Much of the work on this Bibliography has been done in the Library 
of the American Academy of Arts and Sciences and in that of the Massa- 
chusetts Institute of Technology, and the compiler is greatly indebted for 
the facilities offered him at both these places. Especially valuable was 
the assistance rendered by Dr. Holden, the Librarian of the Academy. 
He would also gratefully acknowledge the aid received from his former 
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pupil, Miss M. M. Tevis, from Dr. H. Carrington Bolton, Professor T. H. 
Norton of the University of Cincinnati, Professor H. P. Talbot of the 
Institute of Technology, and many others who cannot be enumerated. 
Dr. Bolton’s invaluable Catalogue of Scientific Periodicals and the Royal 
Society Catalogue have been freely used and of great help in the verifi- 
cation of data. 

Jas. Lewis Howe. 


Washington and Lee University, Lexington, Va., 
December, 1896. 


LIST OF JOURNALS EXAMINED IN PREPARATION 
OF THE BIBLIOGRAPHY: 
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BIBLIOGRAPHY OF METALS: OF THE 
PLATINUM GROUP: 


PLATINUM, PALLADIUM, IRIDIUM, RHODIUM, OSMIUM, 
RUTHENIUM. 


1748-1896. 


BY JAS: LEWIS HOWE: 


1748: 1. Don Antonio bE Untoa. “ Relacion historica del viage a la 
g 


America Meridional.” Madrid, 1748. (First reference to plati- 
num, vol. i, lib. vi, cap. x, p. 606.) Pt. 


: 1. Wa. Watson (and W. Brownrica). Several papers concern- 
ing a new semi-metal called platina. BE 
1. Letter enclosing metal, by W. Brownrigg, p. 584. 
2. Memoirs of a semi-metal called Platina di Pinto, found in 
the Spanish West Indies, p. 585. 
3. Letter from Watson, p. 590. 
4. Note, p. 593 (incorrectly paged 589). 
5. Further experiments, by Wm. Brownrigg, p. 594. 
Phil. Trans. London, 46 (1751), 584; Phil. Trans. London, Abridg., 
10 (1809), 97. 


1751: 2. T. Scuurrer. (Properties of the ore.) Bie 


Handl. Akad. Stockholm, 14 (1751), 275. 


1755: 1. Wa. Lewis. Experimental examination of a white substance, 


said to be found in the gold mines of the Spanish West Indies, 
and there known by the appellation of Platina, Platina di Pinto, 
Juan Blanca. (Solution, alloys, purification.) Ge 


Phil. Trans. London, 48 (1755), 638; 50 (1757), 148; Phil. Trans. 
London, Abridg., 11 (1807), 97. 


1758: 1. M....[Macqurer?] “La platine, Yor blanc, ou le huitieme 


métal.” Paris, 1758. (Treatise on the ore, including papers of 
Watson, Scheffer, and Lewis.) Pi 
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1758: 2. Macquer (and Baums&). Sur Vor blanc ou la platine. Piz 
Hist. Acad. Sci. Paris, 1758, 51; Mém. Acad. Sci. Paris, 1758, 119. 


1761: 1. A. S. Mareerar. Versuche mit dem neuen mineralischen 
Kcerper Platina del Pinto genannt. Pu 
Marggraf; Chymische Schriften, 1. 


1774: 1. G. G. L. DE Burron. (Platinum an alloy of gold and iron.) 


Obs. sur phys. (Rozier), 3 (1774), 324. Pr 
1774: 2. BLonpEAv. Lettre (upon platinum as an alloy of gold and 
iron as averred by Buffon). Pt. 
Obs. sur phys. (Rozier), 4 (1774), 154; Chem. Ann. (Crell), 1786, ii, - 
68. 


1775: 1. G. pE Morveavu. Lettre a Buffon, sur la fusibilité, la mal- 
léabilité, le magnétisme, la densité, la cristallization de la platine, 


et son alliage avec l’acier. Pt. 
Obs. sur phys. (Rozier), 6 (1775), 193. 
1775: 2. T. Beraman. (Fusibility of platinum.) PR 


Obs. sur phys. (Rozier), Sept. (1775). 


1776: 1. J. INcENHousz. Easy methods of measuring the diminution 
of bulk, ete., together with experiments on platina. (Magnetism, 
etc.) Pi 

Phil. Trans. London, 66 (1776), 257. 


1777: 1. G. DE Morveavu, Maret, and Duranpe. (Fusibility of 
platinum.) Pt. 
Elemens de Chymie de l’Acad. de Dijon, 2 (1777), 153. 


1779: 1. Titter. Mémoire sur le moyen de dissoudre la platine par 
Vacide nitreux. (Solution of platinum in nitric acid.) Pt. 


Mém. Acad. Sci. Paris, 1779, 373, 385, 545; Hist. Acad. Sci. Paris, 
1779, 13; Chem. Ann. (Crell), 1784, i, 345. 


1779: 2. AcHarpD. Leichte Methode, Gefisse aus Platina zu bereiten. 
(Fusibility of platinum with arsenic.) Pt. 
Mem. Akad. Berlin (1779); Chem. Ann. (Crell), 1784, i, 1. 


1780: 1. T. Bereman (and G. pe Morveav). Opuscula physico- 
chimica. Platina, vol. u, p. 166. Pte 
Opuscules chymiques et physiques, trad. par de Morveau. Dijon, 
1785. Sur la platine (with many comments by Morveau), vol. ii, 

pp. 172, 418. Pt. 


1782: 1. Grar von SICKINGEN. Versuche iiber die Platina. Ueber- 
setzt von G. A. Suckow. Mannheim, 1782. Pt 


pee 


1783: 


1784: 


1784: 


1784: 


1784: 


1785: 


1786: 


1876: 


1786: 


1787: 
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2. C.F. Wenzet. (Solution of platinum in aqua regia and affin- 
ity of platinum chlorid for potash.) Pt: 
Lehre der Verwandschaft der Korper, p. 175. 


1. R. pe wiste. (Crystallization of ammonium platinum 
chlorid.) Pt. 


Essai de Cristallographie, 2nd edition, i, 408. 


1. L.Cretu. Einige Versuche mit der Platina im Porcellainofen. 
(Unschmelzbar wenn rein.) Pt: 
Chem. Ann. (Crell), 1784, i, 328. 


2. GRAF VON SICKINGEN. (Magnetische Kraft und Schmelzung 

des Platins durch den electrischen Schlag.) Pir 

J. Ingenhouss, Vermischte Schriften physisch.-med. Inhalts. 2te 
Aufl. Wien, 1784, i, 419; Chem. Ann. (Crell), 1785, ii, 372. 


3. G. L. L. DE Burron. (Platina ein Legirung Goldes mit 

Eisen.) Bt. 

Obs. sur phys. (Rozier), 1784, 252, 324, 417; Chem. Ann. (Crell), 
1784, ii, 541. 


4. von Mitty. (Platina ein Legirung Goldes und Eisens mit 
Quecksilber.) Pe 


Obs. sur phys. (Rozier), 1784, 252, 324, 417; Chem. Ann. (Crell), 
1784, ii, 542. 
(Both the above credited also to Register Acad. Dijon.) 


1. G. pe Morveav. (Ueber die Verfertigung von Gerathschaften 
aus Platina). Pie 


Nouv. Mém. Acad. Dijon, 1785, i, 106; Chem. Ann. (Crell), 1792, i, 168. 


1. G.pEMorveav. Brief (Platina zu Tiegeln nicht geeignet da 

es von Salpeter angegriffen und zerstort wird.) Et 
Chem. Ann. (Crell), 1786, i, 157. 

2. R. Lanprranz. Brief (Platina durch starkes Glihen nicht 

halb durchsichtig). Retr. 
Chem. Ann. (Crell), 1786, ii, 141. 


3. G. [pe Morveau?]. Buffon’s Hist. nat. des minéraux, vols. 

2and 3. (Kritik auf Angaben das Platina eine Mischung Goldes, 

Arsens und Hisens sei.) Pt. 
Chem. Ann. (Crell), 1786, ii, 371. 


1. G. pe Morveav. Brief (iiber Platina Gefasse). Pt. 
Chem. Ann. (Crell), 1787, i, 333. 
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2. G. DE Morveav. Brief (tiber Platina Gefasse). (Platina zu 

Tiegeln sehr geeignet wenn die Platinaproduct nicht zu einge- 

schriingt sei.) Pu 
Chem. Ann. (Crell), 1787, ii, 243. 

1. M. R. pe Ceris. An account of a mass of native iron found 

in South America. (Occurrence of Platina.) Pi 
Phil. Trans. London, 78 (1788), 41. 


1. T. Wituis. (Schmelzversuche mit Kohle und Borax.) Pi 
J. de Phys. 35 (1789), 217; Chem. Ann. (Crell), 1790, i, 242. 


1. A.M. Cortrenovis. Che la platina Americana era un metallo 
conosciuto dagli antichi [ete.]. (Identical with “ electrum.”) 


Bassano. Pts 
Ann. de Chim. 12 (1792), 59 (Review); Chem. Ann. (Crell), 1796, i, 
166. 


2. Hretm. Union du platine avec loxide de molybdene et avec 
le molybdene. Pe 
Ann. de Chim. 4 (1790), 17. 


3. LronHarpI. Brief. (Kénigsiure Platina Niederschlag mit 
alkalische Baumohlseife). Pi 
Chem. Ann. (Crell), 1790, ii, 127. 


4, LAvorsier. Observations sur le platine. (Utilization of 
platinum for vessels.) Pig 
Ann. de Chim. 5 (1790), 137; Chem. Ann. (Crell), 1792, ii, 85. 


5. Herr von R. (in Paris). Brief. (Platina Gefisse in Paris von 
Jeanty billig zu kaufen). Pt 
Chem. Ann. (Crell), 1790, ii, 53. 


6. voN Ruprecut. Versuche iiber die metallische Natur der 
Bitter-, Kalk-, und Kieselerde [etc.]. (Schmelzung der Platina.) 
Chem. Ann. (Crell), 1790, ii, 195. ‘ Be 


7%. von Ruprecut. Ueber den Platinakénig, und damit ver- 
wandte Gegenstiinde. (Schmelzung der Platina.) Pi 
Chem. Ann. (Crell), 1790, ii, 387. 


1. Witurr and Norven. Expériences sur la platine. (Specific 

gravity.) Pts 
Ann. de Chim. 9 (1791), 219. 

2. VON Born. Neuere Nachrichten tiber die Metallization der 

alkalischen Erde. (Fusion of platinum by von Tihaysky.) Pa 
Chem. Ann. (Crell), 1791, i, 3. 
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1792: 1. T. Bereman. Lor blanc ou platine du Pinto. (Note on 
occurrence from “ Un chapitre de la géographie physique.”) Pt. 
J. des Mines [3], 16 (1792), 25. 


1792: 2. PELLETIER. Le phosphure de platine. Pi 
Ann. de Chim. 13 (1792), 105. 


1792: 3. C. L. BERTHOLLET and PELLETIER. Rapport fait au Bureau 
de Consultation, sur les moyens proposés par M. Jeanty pour 
travailler le platine. Pt: 

Ann. de Chim. 14 (1792), 20. 


1793: 1. Hauy. Troisiéme extrait du traité inédit de minéralogie; 
4me classe, Substances metalliques. PE: 


Supplement (Platine). J. des Mines, 5 (An. V), 457 (Platine, p. 
466); 6 (An. V), 692. 


1796: 1. W. A. Lampaptus. Vermischte chemische Versuche. (Alloy- 
ing of platinum with gold and silver.) Pt. 
Chem. Ann. (Crell), 1796, i, 219. 


1797: 1. A. v. MussIn-PuscHKIN. Sur les sels et précipités de platine. 
Neue besondere Versuche mit der Platina. (Ammonium and pot- 
assium platini-chlorids.) Pt: 


Ann. de Chim. 24 (1797), 205. 
Chem. Ann. (Crell), 1797, i, 195. 


1797: 2. A.v. Mussin-Puscukin. Sur l’amalgame du platine. 
Noch einige Bemerkungen und Versuche iiber die Platina. (Plati- 
num amalgam and alloy with copper.) Pt: 


Ann. de Chim. 24 (1797), 209. 
Chem. Ann. (Crell), 1797, ii, 26. 


1797: 3. D. Ricuter. Beantwortung der von Herrn A. vy. Mussin- 
Puschkin aufgeworfenen Frage: “‘ Wie die schnelle Wiederher- 
stellung der Platina durch Quecksilber aus dem Platinasalz bey 
der Bildung des Amalgama’s, und die noch viel schnellere Ver- 
kalkung des Quecksilbers bey der Beriihrung des Amalgama’s mit 
Wasser zu erkliren seye.” Pt: 

Chem. Ann. (Crell), 1797, ii, 202; Ann. de Chim. 28 (1798), 206. 


1797: 4. $8. Tennant. On the action of nitre upon gold and platina. 
(Corroded by fused nitre.) Pt. 
Phil. Trans. London, 87 (1797), 219. 


1798: 1. G. DE Morveav. Examen de quelques propriétés du platine, 
densité, tenacité—De Vadhésion du platine au mercure.—De 
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Pamalgame du platine-—De l’action du muriate oxigéné de potasse 
sur le platine. Pe 


Ann. de Chim. 25 (1798), 1, 10, 12, 17; Ann. der Phys. (Gilbert), 
1 (1799), 369; Allg. J. Chem. (Scherer), 1 (1798), 971. 


1798: 2. G. DE Morveav. De laction du nitre en fusion sur... le 
platine. Pt: 
Ann. de Chim. 27 (1798), 42. 


1798: 3. A. v. Musstn-PuscHKIN. Quelques nouvelles observations et 
expériences sur le platine. Alliage avec cuivre et argent. Pts 
Ann. de Chim. 28 (1798), 85. 


1798: 4. A. v. Mussrty-Puscuk1n. Bemerkungen iiber Titan- und 
Chromium-Metall, tiber Platina und einige andere Gegenstiinde. 
(Fusion and purification of platinum with potash six days.) Pig 

Chem. Ann. (Crell), 1798, ii, 443. 


1798: 5. A. Rocnon. (Use of platinum for telescopes and in the arts.) 
J. de Phys.; Phil. Mag. 2 (1798), 19, 170. Pta 


1799: 1. J. L. Proust. Experimentos hechos en la platina. 

Expériences sur le platine. Pt 
1. Des corps étranges qui se trouvent mélés au platine, p. 146. 

. Du séparation, 147. 

Du soufre minéralisateur du platine, 151. 

D’oxidation de platine, 153. 

Essais de l’acide nitrique sur le platine, 158. 

. Essais de l’acide nitro-muriatique, 160. 

. Du graphite des mines de platine, 161. 

. Sur les dissolutions du platine, 163. 

10. Sur les dissolutions du platine en grande, 165. 

11. Expériences sur la poudre noire, 168. 

12. De la cristallisation des dissolutions de platine, 225. 

13. De la composition de Vacide nitro-muriatique pour la disso- 

lution de la mine de platine, 282. 
14. Dissolution du platine, 244. 


Madrid. An. Hist. Nat. 1 (1799), 51. 
Ann. de Chim. 38 (1801), 146, 225; Phil. Mag. 11 (1801), 44, 118 


(translation). 


1 2D OT w 


1799: 2. J. Prrestry. Experiments on the transmission of acids, and 
other liquors, in the form of vapour, over several substances in a 


hot earthen tube. (Solution of platinum in aqua regia, p. 11.) 


Amer. Phil. Soe. Trans. 5 (1802), 1. Pt. 


1799: 


1799: 


799: 


199: 


1799: 


1800: 


1800: 


1800: 


1800: 


1800: 


1800: 
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3. L. N. Vauquetrn. Erkennung des Kali durch salzsauren 
Platina. Pt. 
Allg. J. Chem. (Scherer), 3 (1799), 438. 


4. KE. BruGNaTELLI. Versuch iiber die Kobaltsiure. (In 
Platinaaufldsung keine Veranderung.) Pt. 
Allg. J. Chem. (Scherer), 3 (1799), 647. 


5. A. v. Mussty-PuscHk1N. Vermischte Bemerkungen iiber 

das Chromium, das Salz bey der Zersetzung der Platina~-Amal- 

gama’s und verwandte Gegenstinde. Pt: 
Chem. Ann. (Crell), 1799, i, 451. 


6. A. v. Musstn-Puscuxin. Einige Bemerkungen iiber das 
Platina-amalgamas. : Pt: 
Chem. Ann. (Crell), 1799, ii, 3. 


7. A. v. Mussin-PuscHkrn. Einige neuere Versuche tiber das 

Platina-amalgama; nebst Bemerkungen iiber die Vervolstandi- 

gung chemische Thatsachen. Pt. 
Chem. Ann. (Crell), 1799, ii, 359; J. des Mines, 15 (1804), 198. 


1. A. v. Mussry-Puscuk1n. Ueber zwey neue Platina-salze, und 

die metallische Krystallization derselben. (Sodium _ platini- 

chlorids.) Pt 
Chem. Ann. (Crell), 1800, i, 91; J. des Mines, 15 (1804), 199. 


2. §. Tennant. De laction du nitre sur l’or et le platine. Pt. 
J. de Phys. 51 (1800), 157. 
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3. Experiments performed at the London Philo- 

sophical Society. (Fusion of platinum by oxygen gas on char- 

coal.) Bic 
Phil. Mag. 8 (1800), 264. 


4. R. Knicut. A new and expeditious process for rendering 
platina malleable. Pt. 
Phil. Mag. 6 (1800), 1; Allg. J. Chem. (Scherer), 7 (1801), 26. 


5. A. v. Mussry-Puscukin. Eine neue Methode die Platina zu 
schmieden. Ri 


Allg. J. Chem. (Scherer), 4 (1800), 411; Ann. der Phys. (Gilbert), 
4 (1800), 492 (from Hamburger Unpartheiischer Correspondent, 
Nr. 33, 1800). 


6. W. Henry. Account of a series of experiments undertaken 
with a view of decomposing muriatic acid. (Platinum black.) Pt. 


Phil. Trans. London, 90 (1800), 188; Ann. de Chim. 43 (1802), 306; 
Ann. der Phys. (Gilbert), 7 (1801), 265. 
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1800: 


1801: 


1802: 


1802: 


1802: 


1802: 


1802: 


1802: 


1802: 


1803: 
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7%. A. Rocuon. Abhandlung tiber die Platina und ihre Nutz- 
barkeit in besonders zu Spiegel-Teleskopen. Pt. 
Ann. der Phys. (Gilbert), 4 (1800), 282. 


1. J.L. Proust. Faits détachés sur le platine. Pt 
J. de Phys. 52 (1801), 409. 


1. W. THomson. (Regarding a platinum mine.) Pt. 


Novelle di Letteratura, Scienze, Arti, e Commercio, Napoli, Oct. 
28, 1802, No. 18; Allg. J. Chem..(Scherer), 10 (1803), 570. 


2. J. CUTHBERTSON. A series of experiments upon metals with 
an electrical battery, shewing their property of absorbing oxigen 
from the atmosphere when exploded by electric discharges. (Oxi- 


dation of platinum.) Pt 
Nicholson’s J. 5 (1802), 136; Ann. der Phys. (Gilbert), 11 (1802), 

411. 
3. ——————.._ Alloys of gold with platina. Pi 


Phil. Mag. 13 (1802), 405. 


4. M. van Marum. Expériences sur la colonne électrique. 
(Fusion du platine.) Pt 


Ann. de Chim. 40 (1802), 314; Nicholson’s J. 1 (1802), 178; Ann. 
der Phys. (Gilbert), 10 (1802), 121. 


5. R. Haren. Account of the fusion of strontites, and the vola- 
tilization of platinum; and also of a new arrangement of appa- 
ratus. Pr 


Amer. Phil. Soc. Trans. 6 (1809), 99; Phil. Mag. 14 (1802), 304; 
Ann. de Chim. 45 (1802), 113; 60 (1807), 81. 


6. R. Cuenivix. Analysis of corundum. (Use of platinum 
crucibles for fusion of caustic potash.) Pe 
Phil. Trans. London, 92 (1802), 337; J. de Phys. 55 (1802), 409. 


7% M. H. Kuaproty. Anwendbarkeit der Platina zu Verzie- 
rungen auf Porcellan. Py 
Allg. J. Chem. (Scherer), 9 (1802), 413; Nicholson’s J. 7 (1804), 
* 286; Phil. Mag. 17 (1803), 135. 
[From “Samml. d. deutsch. Abh. d. k. Akad. d. Wiss. Berlin, 
1788-9, 12, p. 160 ?] 


1. R. CHenivix. Enquiries concerning the nature of a new 
metallic substance lately sold in London, as a new metal, under 
the title of palladium. Pde 


Phil. Trans. London, 93 (1803), 290; Ann. de Chim. 47 (1803), 
151, 192; J. de Phys: 57 (2803), 127, 217; IN. alle. J.) Chem: 
(Gehlen), 1 (1803), 174; Nicholson’s J. 7 (1804), 85, 176; Proc. 
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Roy. Soc. London, 1 (1832), 121; Bibl. Brit. 23 (1803), 384; 24 
(1803), 32 (in full); J. des Mines, 14 (1803), 372; Ann. der Phys. 
(Gilbert), 14 (1803), 241; J. phys. Chim. (Van Mons), No. 11, 


Sept. 
2. KR. CHentvrx. L’announce d’un nouveau métal, palladium. 
Ann. de Chim. 46 (1803), 333. Pd Pi: 
3. R. CuHentvix. Palladium composé de platin et mercure. 
Ann. de Chim. 46 (1803), 336. Pa. PE 
4, ——————. Some account of a pretended new metal offered 
for sale, and examined by Richard Chenivix, Esq. Pao 


Nicholson’s J. 5 (1803), 136. 


5. ——————.. Note sur un nouveau métal (palladium). Pd, Pt. 
J. des Mines, 14 (Ann. xi), 240, 320. 


6. J. B. Ricuter. Beytrag zu Herrn Chenivix’s- Abhandlung 
tiber das Palladium. Pde 


N. allg. J. Chem. (Gehlen), 1 (1803), 547; Ann. de Chim. 52 (1804), 
17; Nicholson’s J. 11 (1805), 61. 


7. V. Rose and A. F. GeHLen. Priifende Verhandlungen iiber 
das von Chenivix kiinstlich nachgemachte Palladium. Pd) Pt 
N. allg. J.. Chem. (Gehlen), 1 (1803), 529; Ann. de Chim. 52 
(1804), 5; Nicholson’s J. 11 (1805), 61. 
8. L. N. Vavuquezin. Palladium ou nouvel argent. (Proper- 
ties and reactions.) Pd 
Ann. de Chim. 46 (1803), 334. 


9. A. F. Fourcroy and L. N. Vavgetin. Extrait d’un 
mémoire sur le platine. (Reactions, showing impurity [Ir?].) Pt. 
Ann. de Chim. 48 (1803), 177; Ann. Mus. Nat. d’Hist. Nat. 3 (1803), 


149; N. allg. J. Chem. (Gehlen), 2 (1804), 269; Phil. Mag. 19 
(1804), 117; J. de Phys. 57 (1803), 450. 


10. H. V. Cotxier-Descorizs. Notice sur la cause des couleurs 
différents qu’affectant certains sels de platine. (Red and yellow 
chlorids; two states of oxidation [iridium probably present ].) 


J. des Mines, 15 (1803), 46; Ann. de Chim. 48. Pe fie 
(1803), 153; N. allg. J. Chem. (Gehlen), 2 
(1804), 73; J. de Phys. 57 (1808), 384; Nicholson’s J. & (1804), 
118. 


11. G.pDE Morveau. Pyrométre de platine. Pi. 
Ann. de Chim. 46 (1803), 276; Nicholson’s J. 6 (1803), 89. 


12. G.pE Morveav. Sur lalliage de lor avec le platine. Pt. 
Ann. de Chim. 47 (1803), 300. 
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13. A. v. Mussin-PuscuKIn. Bereitung von Platin-amalgam. 
Allg. J. Chem. (Scherer), 6 (1803), 134; J. des Mines, Pt 

15 (1803), 195; Chem. Ann. (Crell), 1799, i, 452. 
14. Srrauss. Bemerkungen iiber das Platina-Amalgama. 
(Method of coating copper with platinum.) et 


J. der Pharm. (Trommsd.), 11 (1803), 18; Ann. der Phys. (Gil- 
bert), 24 (1806), 402; Nicholson’s J. 9 (1804), 303. 


15. A. TrntocH. On Pepys’ experiment. (Fusion of platinum 


by the galvanic current.) Pt. 
Phil. Mag. 12 (1803), 96. 
1. R. CHentvrx. Ueber Palladium (not an alloy). Pdi 


Ann. der Phys. (Gilbert), 17 (1804), 115. 


2. R. CuEnivrx. Respecting the new metal contained in crude 
platina. Pd: 
Nicholson’s J. 7 (1804), 117. 


3. ——————. Reward of £20 for artificial production of 
palladium. Pad: 
Nicholson’s J. 7 (1804), 75, 159. 


4. J. Hume. On the supposed new metal lately discovered in 
platina. Pd: 
Phil. Mag. 19 (1804), 29. 


5. J.B. TrommsporFF. Ueber Chenivix’s Palladium. Pd. 
N. allg. J. Chem. (Gehlen), 2 (1804), 238. 


6. A. v. Mussin-Puscuxin. Ueber Palladium, Chromium, und 
eine neue Verfahrungsart das Platin zu schmieden. Pd; Bi 
N. allg. J. Chem. (Gehlen), 3 (1804), 450. 


7. A. v. Musstn-PuscHxin. Renseignements sur le palladium. 
J. Chim. (Van Mons), 6 (1804), 229. Pde 


8. A. F. Fourcroy and L. N. VauqueELin. Expériences sur le 
platine brut, sur l’existence de plusieurs métaux, et d’une espéce 
nouvelle de métal dans cette mine. (In platinum are found Ti, 
Cr, Cu, Fe, and a new metal, Ir. Description of properties of 
iridium.) Pt line 
Ann. de Chim. 49 (1804), 188, 219; 50, 5; N. allg. J. Chem. (Gehlen), 
3 (1804), 262. 
9. A. F. Fourcroy. Premier résultat des nouvelles recherches 
sur le platine brut, et annonce d’un nouveau métal qui accompagne 
cette espéce de mine. Pty ithe 
Ann. Mus. Nat. Hist. Paris. 3 (1804), 149. 
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10. A. F. Fourcroy. Notice d’une suite de recherches sur le 
nouveau métal qui existe dans le platine brut. Pi, Rb. 
Ann. Mus. Nat. Hist. Paris. 4 (1804), 77. 


11. H. V. Cotxuer-Descotizs. (New metal in crude platina.) 
Nicholson’s J. 7 (1804), 76; from “ J. d. Chim.” Pt, Rh(?). 


12. S. Tennant. On two metals found in the black powder 
remaining after the solution of platina. (Separation, properties 
and naming of iridium and osmium, including osmium amalgam, 
p. 418.) Pt, Ir, Os. 
Phil. Trans. London, 94 (1804), 411; Proc. Roy. Soc. London, 1 
(1832), 161; Ann. de Chim. 52 (1804), 47; Ann. der Phys. (Gil- 
bert), 19 (1805), 118; J. des Mines, 18 (1804-5), 81; J. de Phys. 
59 (1804), 97; N. allg. J. Chem. (Gehlen), 5 (1805), 166; Nichol- 
son’s J. 8 (1804), 220; 10 (1805), 24; Phil. Mag. 20 (1805), 162; 

Bibl. Brit. 27 (1804), 51 (in full). 


13. W.H. Wottaston. On anew metal found in crude platina. 


(Discovery of rhodium with its properties.) Pt, Rh. 


Phil. Trans. London, 94 (1804), 419; Proc. Roy. Soe. London, 1 
(1832), 162; Ann. d. Chim. 52 (1804), 51; J. des Mines, 18 (1805), 
91; Nicholson’s J. 10 (1805), 34; N. allg. J. Chem. (Gehlen), 5 
(1805), 175; Phil. Mag. 20 (1805), 168; 21 (1805), 89; Bibl. Brit. 
Aug. 1804. 


14. §S. Tennant and W. H. Wotiaston. (Note on examination 


of crude platina.) Pt, fr Os, Rh 
Bul. des Sciences, 90 (1804), 234; Nicholson’s J. 11 (1805), 59. 


15. A. v. Mussin-PuscHKIN. Notes sur le platine. Pt. 
J. des Mines, 15 (1804), 195. 


16. A. v. Mussty-PuscHkin. Method of preparing malleable 
platina and triple muriatic salts of platina. (Barium and mag- 
nesium platino-chlorids.) PE. 


Nicholson’s J. 9 (1804), 65; Ann. d. Chim. 54 (1805), 220; Phil. 
Mag. 20 (1805), 76. 


17. J.L. Proust. Sur le platine noir. Pt: 
Ann. d. Chim. 49 (1804), 177; J. fiir Chem. (Gehlen), 1 (1806), 347. 


18. C. L. BerrHoiiet. On the difference between effects of 
electricity and of heat. (Platinum little heated by discharge.) Pt. 
Nicholson’s J. 8 (1804), 80. 


19. Amicus. Note respecting suspension of zine in hydrogen 
and the consequent ignition and fusion of platinum wire. Bt. 
Nicholson’s J. 9 (1804), 24. 
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20. J. W.Rirrer. Ueber den Galvanismus. I. Ueber die Stelle 
des Palladiums und anderer Metallgemische in ihr. Pd. 
Ann. der Phys. (Gilbert), 16 (1804), 293. 


1. R. Cuenivix. On the action of platina and mercury upon 
each other. Pt, Pad: 
Phil. Trans. London, 95 (1805), 104; Proc. Roy. ‘Soe. London, 1 
(1832), 175; Ann.d. Chim. 66 (1808), 82; N. allg. J. Chem. 
(Gehlen), 6 (1806), 696; Nicholson’s J. 11 (1805), 162; Phil. Mag. 

22 (1805), 26,. 102. 


2. W.H. Wouuaston. Letter concerning palladium. Pdi 
Nicholson’s J. 10 (1805), 204. 
3. W. H. Wonnasron. On the discovery of palladium, with 


observations on other substances found with platina. 
1. Ore of iridium, p. 316. Pd; Pt, Ir; Os, Rh: 
. Hyacinths, 318. 
. Precipitation of platinum, 319. 
. Deposition of palladium and palladium amalgam, 322. 
. Reasons for thinking palladium a new metal, 324. 
. Additional properties of palladium, 326. 


Phil. Trans. London, 95 (1805), 316; Proe. Roy. Soe. London, 1 
(1832), 207; Ann. d. Chim. 61 (1807), 89; Bibl. Brit. 28 (1805), 230; 
J. fiir Chem. (Gehlen), 1 (1806), 231; J. des Mines, 21 (1807), 
131; Nicholson’s J. 13 (1806), 117 (in full); Phil. Mag. 22 (1805), 
272. 


4, ———————.. Palladium for sale (note). Pde 
Nicholson’s J. 11 (1805), 304. 
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5. [C. L. BertHouuet.| Sur le palladium. (Letter regarding 
origin of the specimens.) ede 
Ann. d. Chim. 54 (1805), 198. 


: 6. H. V. Cottet-Desoorits. Sur le rhodium et le palladium. 


J. des Mines, 18 (1805), 185. Rh, Pad: 
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: 7. <A. TintocnH. Note on new metal in platina. (Rhodium.) 


Phil. Mag. 21 (1805), 188. Rh, Pt: 


: 8. A. TitnocH. A new process for rendering platina malleable. 


Phil. Mag. 21 (1805), 175. Pte 


: 9. L. W. Ginpert. Ueber die neuen Metalle in der Platina und 


iiber das Palladium. Pt, Pd, Ir Ose 
Ann. der Phys. (Gilbert), 19 (1805), 120. ° 
10. [L. W. Gitpert?] Zusatz die neu entdeckten Metalle in der 


Platina betreffend. Ir, Of 
Ann. der Phys. (Gilbert), 19 (1805), 254. 
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11. [A. F. GeHtEen?] Beytrige zur Geschichte der neuern Un- 

tersuchungen iiber die Platina. (Review of Wollaston, Nicholson, 

Chenivix, Tennant, etc.) Pied, tr, Os, Rh. 
N. allg. J. Chem. (Gehlen), 4 (1805), 219. 


12. A. F. Grunren. Einige Bemerkungen iiber das Palladium. 


N. allg. J. Chem. (Gehlen), 5 (1805), 234. Pd. 
13. J. Sropart. Precipitation of platina as a covering or de- 
fense to polished steel, and also to brass. Pi 
Nicholson’s J. 11 (1805), 282; Ann. der Phys. (Gilbert), 24 (1806), 
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1. L.N. Vauquetin. Sur lexistence du platine dans les mines 

dargent de Guadalcanal en Estramadura. Pt. 

Ann. d. Chim. 60 (1806), 317; Ann. der Phys. (Gilbert), 24 (1806), 

406; 25 (1807), 206; J. fiir Chem. (Gehlen), 2 (1806), 694; Nichol- 

son’s J. 17 (1807), 128 (in full); Phil. Mag. 27 (1807), 335; 29 
(1807), 278; Mém. de 1’Inst. Paris. 1807, Sem. 1, 289. 


2. C.F. Bucuotz. (Ore of platinum.) PE 
Acad. Scien. Erfurt. Mar. 4, 1806; Nicholson’s J. 15 (1806), 337. 


3. A. F. Fourcroy and L. N. VauqvuELin. Notice sur les pro- 
priétés comparées dans quatre métaux nouvellement découverts 
dans le platine brut. (History of discovery of the platinum 
metals.) Pi. Pde ir Os. Rh: 
Ann. Mus. Nat. Hist. Paris, 7 (1806), 401; Mém. de 1’Institut, 
Paris, 6 (1806), 565; Ann. d. Phys. (Gilbert), 24 (1806), 209; 
Nicholson’s J. 15 (1806), 328; J. fiir Chem. (Gehlen), 2 (1806), 
672; Phil. Mag. 26 (1807), 370. 
4. J.B. Trommsporrr. Beitrige zu den neuesten Untersuch- 
ungen des rohen Platina und Bestitigung der darin neuentdeckten 
Metalle: des Osmiums, Iridiums, Rhodiums und Palladiums. 
J. der Pharm. (Trommsd.), 14 (1806), 3. Pt; Poin) Os ith: 


5. L. W. Gitpert. LEiniges zur Geschichte des Palladiums, aus 
Briefen und Aufsiitzen der Herrn Chenivix und Wollaston. Pd. 
Ann. der Phys. (Gilbert), 24 (1806), 220. 


6. Correa. Note sur un chalumeau hydrostatique. (Hare’s 
blowpipe and fusion of platinum.) PE 
Ann. d. Chim. 60 (1806), 81. 


1. H.V.Cotter-Drscortts. Note sur la purification du platine. 
(Melting ore with zinc.) Pt. 
Mém. Phys. Chim. de la Soc. d’Arcueil, 1 (1807), 370; Ann. d. 
Chim. 64 (1807), 334; Ann. der Phys. (Gilbert), 27 (1807), 231; 

J. fiir Chem. (Gehlen), 5 (1808), 321; Phil. Mag. 37 (1811), 65. 
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1. H. V. Couuer-Descotits. Ueber Chenivix’s Quecksilber- 
platin. (Letter to Gehlen.) Pt, Pde 
J. fiir Chem. (Gehlen), 7 (1808), 195. 


2. C. L. BERTHOLLET. Sur des expériences de M. Chenivix et de 
M. Descotils sur le platine. Pt-Pde 


Ann. d. Chim. 67 (1808), 86; J. fiir Chem. (Gehlen), 7 (1808), 47; 
Nicholson’s J. 25 (1810), 65. 


1. W. H. Wonxtastron. On platina and native palladium from 
Brazil. Pt, Pde 


Phil. Trans. London, 99 (1809), 189; Proce. Roy. Soc. London, 1 
(1832), 330; Ann. der Phys. (Gilbert), 36 (1810), 303; Nichol- 
son’s J. 25 (1810), 18; Phil. Mag. 33 (1809), 250; 35 (1810), 164; 
Bibl. Brit. 44 (1810), 232. 


2. J. CLoup. An account of experiments made on palladium 
found in combination with pure gold (from Brazil). Pde 


Trans. Amer. Phil. Soc. 6 (1809), 407; Ann. der Phys. (Gilbert), 
36 (1810), 310; Ann. d. Chim. 74 (1810), 99; Nicholson’s J. 30 
(1812), 137; J. fur Chem. (Schweigger), 1 (1811), 362. 


3. J. Scorr. On the superiority of platina for making the pen- 
dulum spring of watches. Pus 
Nicholson’s J. 22 (1809), 148. 


4. G.DE Morveavu. Mémoire sur la tenacité des métaux ductiles. 
(Tenacity of platinum.) Pe 
Mém. de l’Inst. Paris. 1809, 267; Ann. d. Chim. 71 (1809), 194; 
Ann. der Phys. (Gilbert), 34 (1810), 209; Nicholson’s J. 26 (1810), 

102. 
5. J. G. Cuinpren. Experiments performed with a view to 
ascertain the most advantageous method of constructing a voltaic 
apparatus. (Fusion of platinum wire, etc.) Pt 


Phil. Trans. London, 99 (1809), 32; Ann. der Phys. (Gilbert), 36. 
(1810), 366; J. fir Chem. (Schweigger), 1 (1811), 374. 


1. G. pe Morveav. Sur la mine de platine de Saint-Domingue. 


Ann. d. Chim. 73 (1810), 334; Ann. der Phys. (Gilbert), 36 PGs 
(1810), 301; Nicholson’s J. 31 (1812), 77. 


%. Percy. Sur du platine trouvé a Saint-Domingue. Pt 
Ann. d. Chim. 74 (1810), 111. 


3. L. N. Vauquenin. Analyse du platine trouvé 4 Saint-Dom- 
ingue. Pt. 


Ann. Mus. Nat. Hist. Paris. 15 (1810), 317; Ann. der Phys. (Gil- 
bert), 36 (1810), 357; Bul. d. 1. Se. d. 1. Soe. Philom. Aug. 1810. 


1810 


1810: 


1811: 


Saul: 


1311: 


rS11: 


fel: 


SLL: 


1812: 


1812: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 25 


4. H.Davy. Researches on the oxymuriatic acid, its nature and 
combinations, ete. (Action of platinum on aqua regia.) Pt 
Phil. Trans. London, 100 (1810), 243; Ann. d. Chim. 76 (1810), 134; 
J. fiir Chem. (Schweigger), 3 (1811), 110; Bibl. Brit. 45 (1810), 
229; Ann. der Phys. (Gilbert),39 (1811), 3; Brugnatelli, Giornale, 
4 (1811), 129; J. de Phys. 71 (1810), 326. 
5, ——————. _ Fusion of iridium and osmium at the Royal In- 
stitution. (Note on lecture.) Tr, Os. 
Phil. Mag. 35 (1810), 463. 


1. A. F.GerHien. Platinum und Palladium in Brazilien und St. 
Domingo gefunden. (Resumé.) Pied, by fr.Os. 
J. fiir Chem. (Schweigger), 1 (1811), 362. 


2. A. von HumsBotpt. Essai politique sur le royaume de la 
Nouvelle-Espagne. (Sur les mines du Mexique.) Bt: 
J. des Mines, 29 (1811), 101. 


3. H. Davy. Elements of chemical philosophy. (Expansion of 
platinum and palladium, melting of platinum in electric light, 
oxids of platinum and palladium and sulfid of palladium.) Pt, Pd. 
J. fiir Chem. (Schweigger), 8 (1813), 336, 342; Phil. Mag. 40 (1812), 

442, 
4. H. Davy. On some of the combinations of oxymuriatic gas 
and oxygene. (Action of alkalies on platinum.) Pt 


Phil. Trans. London, 101 (1811), 1; Proce. Roy. Soe. London, 1 
(1832), 385; J. fur Chem. (Schweigger), 3 (1811), 209, 212, 232; 
Ann. d. Chim. 78 (1811), 298; 79 (1811), 5; Ann. der Phys. (Gil- 
bert), 39 (1811), 43; J. de Phys. 72 (1811), 358; Nicholson’s J. 
29 (1811), 222. 
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5. G. DE Morveavu. De la platinure et du doublé ou plaqué de 
platine. (Plating with platinum.) Bi 
Ann. d. Chim. 77 (1811), 297; J. des Mines, 29 (1811), 392; Nichol- 
son’s J. 30 (1812), 292; Brugnatelli, Giornale, 4 (1811), 356. 
6. M. E. Cuevreut. Recherches chimiques sur le bois de 
Campeche. (Precipitation of albumen by iridium chlorid.) — Iv. 
Ann. Mus. Nat. Hist. Paris. 17 (1811), 339; J. fiir Chem. (Schweig- 
ger), 8 (1813), 290; Ann. d. Chim. 81 (1812), 158; Bull. de Pharm. 
3 (1811), 546; Ann. der Phys. (Gilbert), 42 (1812), 145. 
1. P. Jonnson. Experiments which prove platina, when com- 
bined with gold and silver, to be soluble in nitric acid. Pe: 
Phil. Mag. 40 (1812), 3. 


2. KE. Davy. On the combinations of sulphur and phosphorus 
with platina. Pt: 
Phil. Mag. 40 (1812), 27; J. fur Chem. (Schweigger), 10 (1814), 382. 
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3. E. Davy. On some new combinations of platina. Pt. 
With sulfur, p. 209. 
With phosphorus, oxygen, chlorin, ammonia, p. 263. 
With sulfuric acid, potassium sulfate, sodium sulfate, &c., p. 
350. 
Fulminating platina, p. 361. 
Phil. Mag. 40 (1812), 209, 263, 350. 


4. J.J. Berzewius. Forsdk till ett rattfardigande-af de theo- 
retiskt-chemiska asigter. (Oxids and sulfids of the platinum 
metals.) Pt, Pd, irvOse in: 


Kong. Vet. Acad. Handl. Stockholm, 33 (1813), 175, 196, 204; Ann. 
of Phil. (Thomson), 3 (1813), 252, 353;-5 (1815), 20; J. ftir Chem. 
(Schweigger), 7 (1813), 55, 66; Ann. d. Chim. 83 (1812), 167, 168; 
87 (1813), 126, 138. 


1. L. N. Vauquetin. Mémoire sur le palladium et le rhodium. 
(History, separation, properties, compounds.) (Best resumé of 
the history of palladium.) Pd, Rh: 


Ann. d. Chim. 88 (1813), 167; Ann. of Phil. (Thomson), 4 (1814),, 
216, 271, 308; 5 (1815), 21; J. fir Chem. (Schweigger), 12 (1814), 
265; Phil. Mag. 44 (1814), 33; Brugnatelli, Giornale, 8 (1815), 
221. 


2. LerrHner. (Process of rendering platinum malleable.) Pt. 
Ann. of Phil. (Thomson), 5 (1815), 20. 


3. A. F. GrHLen. Ueber ein neues Verfahren das Platin zum 
Verarbeiten geschickt zu machen. Pit 
J. fiir Chem. (Schweigger), 7 (1813), 309. 


4, J. 8. C. Scowertccrer. Ueber Leithner’s Verfahren Platin 
zum Verarbeiten geschickt zu machen. Pu 
J. fiir Chem. (Schweigger), 7 (1813), 514. 


5. W. H. Wortuaston. A method of drawing extremely fine 
wires. Pte 


Phil. Trans. London, 103 (1813), 114; Proc. Roy. Soe. London, 1 
(1832), 455; Ann. of Phil. (Thomson), 1 (1813), 224; Ann. der 
Phys. (Gilbert), 52 (1816), 284; Bibl. Brit. [2], 1 (1816), 119. 


6. [K.A.] Neumann. Bemerkungen iiber Platingefiisse. Pt. 
J. fiir Chem. (Schweigger), 9 (1813), 213. 


7%. A. Marcer. On an easy method of procuring a very intense 
heat. Pu. 


Ann. of Phil. (Thomson), 2 (1813), 99; J. fiir Chem. (Schweigger), 
11 (1814), 45; Brugnatelli, Giornale, 7 (1814), 230. 
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1813: 8. F.C. Vocet. Beitrige zu der Lehre von den bestimmten 
chemischen Mischungs-Verhiltnissen. (Oxids of platinum and 
palladium and platinum amalgam.) Pe Pd. 

J. fiir Chem. (Schweigger), 7 (1813), 188. 


1814: 1. L. N. Vavuquetin. Mémoire sur Viridium et sur osmium. 
(History, obtaining, properties, compounds, alloys.) lesOs Pe 
Ann. d. Chim. 89 (1814), 150, 225; J. fiir Chem. (Schweigger), 24 
(1818), 21; Ann. of Phil. (Thomson), 6 (1815), 433; Hermbstadt, 
Museum, 6 (1815), 83. 
1814: 2. L.N. Vavquertin. Sur le palladium et le rhodium. Pd, Rh. 
J. des Mines, 35 (1814), 141, from Nouv. Bul. des Se.; J. fiir Chem. 
(Schweigger), 12 (1814), 265; Ann. of Phil. (Thomson), 4 (1814), 
216, 271; Phil. Mag. 44 (1814), 33. 
1814: 3. A. Laverer. Nouvelle maniére de retirer osmium du platine 
brut. Os. 
Ann. d. Chim. 89 (1814), 191; J. fir Chem. (Schweigger), 19 (1817), 
70; Phil. Mag. 44 (1814), 51. 
1814: 4. L. N. Vauquerin. Expériences sur le muriate d’iridium et 
de potasse. Te 
Ann. d. Chim. 90 (1814), 260. 


1814: 5. R. L. Ruwuanp. Beitrage zur Geschichte des Iods. (Ver- 
bindung des Iods mit Platin.) Ps. 
J. fiir Chem. (Schweigger), 11 (1814), 137; Mtinchen, Denk- 
: schriften, 1814-15, 151. 
1814: 6. J.S. C. Scowriacer. Amalgamiren des Platins mittelst des 
electrischen Stromes. Pt. 
J. fiir Chem. (Schweigger), 12 (1814), 224. 


1814: 7. J.P. J. D’Arcet. Note sur l’essai des alliages de platine et 
dargent. Bt 
Ann. d. Chim. 89 (1814), 135. 


1814: 8. W. A. Lampaprus. Legirung des Nickels und Platins. Pt. 
J. fiir Chem. (Schweigger), 10 (1814), 175; Ann. of Phil. (Thom- 
son), 5 (1815), 61. 

1814: 9. J. W. Dospereiner. Ueber Platinagefasse (besonders in Paris 
zu chemischem Gebrauche verfertigte) und Bemerkungen iiber 
das Verhalten der Salpetersauren Alkalien gegen Platin und iiber 
Kali. ; Pt. 

J. fiir Chem. (Schweigger), 10 (1814), 217. 


1814: 10. Joris. Ueber Verfertigung von Platingefissen, Ausbesser- 
ung schadhaft gewordener, und tiber eine Gedichtnissmiinze aus 
Platin auf den Sieg bei Leipzig. PE 

J. fiir Chem. (Schweigger), 11 (1814), 385. 
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11. Scuouz. Ueber Platinaverarbeitung. Pt. 
J. fiir Chem. (Schweigger), 12 (1814), 349. 
1. L. N. VauquEtin. Note sur la manieére d’obtenir le muriate 


ammoniaco de rhodium, réguli¢rement cristallisé. Rh. 
Ann. d. Chim, 93 (1815), 204. 


2. J. G. CHILDREN. Experiments with a large voltaic battery. 
(Fusion of platinum, &c.) Pt, de. Os: 


Phil. Trans. London, 105 (1815), 363; Ann. d. Chim. 96 (1815), 120; 
Brugnatelli, Giornale, 9 (1816), 282; Ann. der Phys. (Gilbert), 
52 (1816), 353; J. fiir Chem. (Schweigger), 16 (1816), 355. 


1. C. Rivotri. (Purification of platinum.) Pt. 


Giornale di Scienza ed Arti (Firenza); Quart. J. Sci. 1 (1816), 
259; Ann. of Phil. (Thomson), 7 (1817), 29; 13 (1819), 70; J. ftir 
Chem. (Schweigger), 24 (1818), 439; Phil. Mag. 48 (1816), 72; 
53 (1819), 68; Bibl. Brit. [2], 2 (1816), 73. 


2. CHAUDET. Mémoire sur quelques expériences tendantes a 
déterminer par la coupellation . . . le titre exact d’un lingot con- 
tenant de lor, du platine, de argent et du cuivre. Pt 


Ann. chim. phys. 2 (1816), 264; Karsten, Archiv f. Bergbau, 11 
(1826), 66; Ann. des Mines, 2 (1817), 105. 


3. J. P. Dessatanes. Phénoménes de répulsion et d’attraction 
sans électricité. (Platinum plates in evening air by window 
attract and repel needle.) Pe 

J. de Phys. 83 (1816), 15; J. fir Chem. (Schweigger), 20 (1817), 86. 


1. A.von Humpoupt. Ueber die Hohe von Bergen in Hindostan. 
(Occurrence of platinum in South America, p. 31.) Pig 


Ann. der Phys. (Gilbert), 56 (1817), 1. 


2. L. N. Vauquetin. Sur le sulfure de platine, sur ses oxides, 
et quelques combinaisons de ce meétal. (Also on platinum 
chlorid.) Ph. 


Ann. chim. phys. 5 (1817), 260; J. ftir Chem. (Schweigger), 20 
(1817), 394, 398; J. de Phys. 85 (1817), 21, 113, 355; Ann. of Phil. 
(Thomson), 12 (1818), 18; Quart. J. Sci. 4 (1818), 74; N. J. der 
Pharm. (Trommsd.), 2 (1818), 325; Ann. des Mines, 3 (1818), 195. 


3. L. N. Vauquetin. Sur quelques sels triples de platine, et 
notamment sur le muriate de ce métal et de soude. (Also on 
platinum sulfate.) Pt. 


_ Ann. chim. phys. 5 (1817), 392; J. fiir Chem. (Schweigger), 20 
(1817), 451; Ann. of Phil. (Thomson), 12 (1818), 28; Ann. des 
Mines, 3 (1818), 195. 
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4. A. F. Genien. Ueber die Reduction der Metalle durch ein- 

ander, und die dabei stattfindenden Licht-Erscheinungen. 

(Action of platinum on arsenious oxid, iron, copper, zinc, &c., 

p- 356.) Pt: 
J. fiir Chem. (Schweigger), 20 (1817), 353. 


5. E. Davy. Ona new fulminating platinum. : Pi 
Phil. Trans. 107 (1817), 136; Proce. Roy. Soe. London, 2 (1833), 63; 
Ann. of Phil. (Thomson), 7 (1816), 468; 9 (1817), 229; Ann. chim. 
phys. 5 (1817), 413; J. fiir Chem. (Schweigger), 19 (1817), 91; 
Phil. Mag. 49 (1817), 146; Quart. J. Sci. 3 (1817), 131; Bibl. Brit. 

[2], 5 (1817), 160; 6 (1817), 155; Ann. des Mines, 3 (1818), 197. 
6. T. von GrotrHus. Beitrag zur Geschichte der Anthrazo- 
thionsiure. (Platinanthrazothionhydrat, p. 242.) Pa 


J. fiir Chem. (Schweigger), 20 (1817), 225; Ann. of Phil. (Thom- 
son), 13 (1819), 39. 


”. H. A. von Voget. Notiz iiber das Lithion. (Hinwirkung 
von Lithion auf Platintiegeln.) Pt. 
J. fiir Chem. (Schweigger), 21 (1817), 345. 


8. E. D. CuarKke. Account of some experiments made with 
Newman’s blowpipe by inflaming a highly condensed mixture of 
the gaseous constituents of water. (Fusion and alloys of platinum 
metals.) Pied tet Os arin: 
Quart. J. Sci. 2 (1817), 104; Ann. chim. phys. 3 (1816), 39; Ann. 
des Mines, 1 (1816), 453; Ann. der Phys. (Gilbert), 55 (1817), 8, 
119; J. fiir Chem. (Schweigger), 18 (1816), 239; Oken, Psis, 1, 
(1817), 956. 
9. E. D. Crarke. Further observations respecting the decom- 
position of earths, and other experiments made by burning a 
highly compressed mixture of the gaseous constituents of water. 
(Similar to above.) Piero ir Oseke 
Ann. of Phil. (Thomson), 9 (1817), 89, 194; Ann. der Phys. (Gil- 
bert), 62 (1819), 339; J. fiir Chem. (Schweigger), 21 (1817), 385. 
10. H. Davy. Some new experiments and observations on the 
combustion of gaseous mixtures, with an account of a method of 
preserving a continued light in mixtures of inflammable gases 
and air without flame (by platinum and palladium). Pi, Pd: 


Phil. Trans. London, 107 (1817), 77; Proc. Roy. Soc. London, 2 
(1833), 61; J. fiir Chem. (Schweigger), 20 (1817), 178; J. de 
Phys. 84 (1817), 225; Bibl. Brit. [2], 5 (1817), 319. 


11. G. Scutipter. Ueber das Entgliihen erwarmter Metalle im 


Aetherdunst, ete. Pt Pd 


J. fiir Chem. (Schweigger), 20 (1817), 199; Bibl. Brit. [2], 5 (1817), 
147. 
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1817: 12. M. F[arapay]. Report on some experiments made with 
compressed oxygene and hydrogene, in the laboratory of the 


Royal Institution. Pie 
Quart. J. Sci. 2 (1817), 461; J. fiir Chem. (Schweigger), 18 (1816), 
33%. 


1817: 13. J. Murray. On the phenomena of platinum and other wires 
in inflammable media. Pe 
Phil. Mag. 49 (1817), 120, 142. 


1817: 14. J.T. Cooper. On some combinations of platinum. (Alloys 
and oxids.) Pt. 
Quart. J. Sei. 3 (1817), 119. 


1818: 1. H. Hrvunanp. On a mass of platinum at Madrid (from 
Choco). Bt 
Ann. of Phil. (Thomson), 12 (1818), 200; Phil. Mag. 52 (1818), 382; 
57 (1821), 228; Ann. chim. phys. 9 (1818), 331. 
1818: 2. J. Mawr. Nachricht von dem Vorkommen ... edler Metalle 
in Brazilien. Pty IOs: 
Ann. der Phys. (Gilbert), 59 (1818), 168. 


1818: 3. J. Cuoup. An account of some experiments made on crude 
platinum, and a new process for separating palladium and rhodium 
from that metal. Pi, Pash 
Trans. Amer. Phil. Soc. [2], 1 (1818), 161; Ann. der Phys. (Gil- 
bert), 72 (1822), 253; J. fur Chem. (Schweigger), 43 (1825), 316; 
Bul. math. chim. (Férussac), 1 (1824), 313; Ann. des Mines, 

4 (1819), 131; Berzelius Jsb. 3 (1824), 104. 


1818:4. F. Accum. A practical treatise on chemical reagents. Lon- 
don, 1818. (Palladium in platinum ore; precipitated by mercury 
prussiate and heat.) ‘Pi, Pde 

Bibl. Brit. [2], 9 (1818), 37. 


1818: 5. J.J. Berzevius. Ueber das selenium. (No compound with 
rhodium, palladium or platinum.) Pt, Pd, Bie 
J. fiir Chem. (Schweigger), 23 (1818), 439. 


1818: 6. J. J. Berzexrus. Forsdk att nirmare bestimma atskilliga 
oorganiska kroppars sammansattning, till vinnanda af en narmare 
utveckling af laran om de kemiska proportionerna. (Versuche 
tiber die Zusammensetzung der Rhodiumoxyde, und ihre Ver- 
haltnisse zu den Siuren.) Rh. 

Hisinger, Afhandl. Fysik, 5 (1818), 379; J. fiir Chem. (Schweig- 
ger), 23 (1818), 285; Ann. chim. phys. 11 (1819), 225; J. de Phys. 
86 (1818), 356; Quart. J. Sci. 12 (1822), 321; Ann. of Phil. (Thom- 
son), 15 (1820), 352. 
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7%. J.J. BerzeLius. Gewicht der elementaren Maasstheile. 
J. fiir Chem. (Schweigger), 22 (1818), 317, 325, 327. Pt, Pd, Rh. 


8. A.J. FRERE DE Montizon. Observation sur le rapport qui 
existe entre Voxidation des métaux et leur pesanteur spécifique. 
Ann. chim. phys. 7 (1818), 9. Pi Pd: 


9. J.CLoup. An attempt to ascertain the fusing temperature of 
metals. Pied, Rh: 


\ 


Trans. Amer. Phil. Soc. [2], 1 (1818), 167. 


10. J. J. Precuty. Schmelzung von Platin durch Ofenfeuer. 
Pt: 
Ann. der Phys. (Gilbert), 58 (1818), 111; Ann. of Phil. (Thom- 
son), 13 (1819), 229; Bibl. Brit. [2], 11 (4819), 80; Ann. des 
Mines, 4 (1819), 130. 

11. L. N. Vauguetin. Note sur une nouvelle espeéce d’alcali 
mineral (lithion). (Action of lithia on platinum.) PG: 
Ann. chim. phys. 7 (1818), 287; Ann. des Mines, 3 (1818), 119; J. 

fiir Chem. (Schweigger), 21 (1817), 450. 
12. L. J. Gay-Lussac. Sur la fixité du degré d’ébullition des 
liquides. (Use of platinum wire to prevent “ bumping.”) Bt: 


Ann. chim. phys. 7 (1818), 313; J. ftir Chem. (Schweigger), 24 
(1818), 327; Ann. of Phil. (Thomson), 12 (1818), 129. 


13. §. T. von S6mmerrine. Glihung des Platins tiber Alcohol. 
(Experiment before the Acad. of Sci., Miinchen.) Be 
J. fiir Chem. (Schweigger), 22 (1818), 228. 
14. P. Erman. Ueber eine eigenthiimliche reziproke Wirkung 
der zwei entgegensetzten elektrischen Thitigkeiten. (Action of 
the incandescent platinum of Davy’s aphlogistic lamp.) Pt. 
Abhandl. Akad. Berlin. 1818-’19, 351; Ann. chim. phys. 25 (1824), 
278. 
15. T.Gitt. Ona lamp without a flame. Pt. 
Ann. of Phil. (Thomson), 11 (1818), 217; Amer. J. of Sci. 1 (1819), 
207. 
16. H. Davy. Onan ignited wire lamp. Pt. 
Quart. J. Sci. 5 (1818), 128; Amer. J. of Sci. 1 (1819), 309; Phil. 
Mag. 50 (1817), 230. 
17, ——————. Emploi du camphre pour tenir un fil de platine 


rouge. (Observation of H. Davy.) Pe 
Ann. chim. phys. 8 (1818), 443. 
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18. P. L. Dutone and A. T. Perir. Recherches sur la mesure 
des temperatures. (Specific heat of platinum, p. 148.) Pir 
Ann. chim. phys. 7 (1818), 113; J. fiir Chem. (Schweigger), 25 
(1819), 322; Ann. of Phil. (Thomson), 13 (1819), 167; Ann. der 
Phys.. (Gilbert), 58 (1818), 254; J. de Phys. 82 (1818), 313; J. 

Ecole Polyt. Paris. 11 (1820), 189. 
1. J. J. Berzerius. Examination of some compounds which 
depend upon very weak affinities. (Precipitation of platinum 
from sulfate solutions by barium chlorid, p. 72.) Pie 


Edin. Phil. J. 1 (1819), 63; Ann. chim. phys. 14 (1820), 376; J. de 
Phys. 87 (1818), 462. 


: 2. L. W. Giupert. Das Newman’sche Geblise mit verdichtetem 


Knallgas, nach seinen neuesten Verbesserungen durch Dr. E. D. 

Clarke. (Melts platinum, p. 265; alloy of platinum with 10 per 

cent gold described, p. 269.) Pte 
Ann. der Phys. (Gilbert), 62 (1819), 247. 


3. EK. D. Cuarke. The gas blow-pipe, or art of burning the 


gaseous constituents of water. London, 1819. Piz 
4. HK. D.Cuarke. On the alloy of platinum and lead. Pt 


Ann. of Phil. (Thomson), 14 (1819), 229; Polyt. J. (Dingl:), 5 
(4821), 125, 
5. E.D. Ciarke. On the alloy of platinum and tin. Pr 
Ann. of Phil. (Thomson), 14 (1819), 470. 


6. R.W. Fox. Alloys of platinum (with tin, antimony and zinc). 
Pte 
Ann. of Phil. (Thomson), 13 (1819), 467; Phil. Mag. 54 (1819), 72; 
Ann. Gén. Sci. Phys. (Brux.), 1 (1819), 363. 
7%. T. Howse. Query respecting the method of coating metals 
with platinum. Pe 
Ann. of Phil. (Thomson), 14 (1819), 469. 


: 8. L. W. Gitspert. Das Limpchen ohne Flamme. Pe 


Ann. der Phys. (Gilbert), 62 (1819), 337. 


: 9. P. L. Dutone and A. T. Perit. Recherches sur quelques 


points importants de la théorie de la chaleur. (Specific and 
atomic heat of platinum, p. 403.) Pts 
Ann. chim. phys. 10 (1819), 395; Ann. der Phys. (Pogg.), 6 (1826), 
394; J. fiir Chem. (Schweigger), 28 (1820), 122; Brugnatelli, 
Giornale, 2 (1819), 305; J. de Phys. 89 (1819), 80; Bul. Soe 
Philom. Paris. 1819, 103; Phil. Mag. 54 (1819), 267; Ann. of 

Phil. (Thomson), 14 (1819), 189. 
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1820: 1. E. Davy. On some combinations of platinum. (Platinum 
sulfate on alcohol, and as a test for gelatine; a grey oxid of pla- 
tinum; platinum fulminate.) . Pt. 

Phil. Trans. London, 110 (1820), 108; Proce. Roy. Soe. London, 2 
(1833), 124; Ann. of Phil. (Thomson), 15 (1820), 297; 16 (1820), 
385; J. fiir Chem. (Schweigger), 31 (1821), 340; Berzelius Jsb. 1 
(1822), 59; Bul. Soc. Philom. Paris, 1820, 54; Phil. Mag. 56 
(1820), 330; Ann. des Mines, 6 (1821), 148. 


1820: 2. T. THomson. On arsenic. (Action of sodium arseniate on 
iridium, rhodium and platinum salts.) Pt; Ir; Rhy 
Ann. of Phil. (Thomson), 15 (1820), 84; J. fir Chem. (Schweig- 
gen), 29 (1820), 435. 
1820: 3. T. THomson. Repetition of Fox and Clarke’s experiments on 


the alloy of platinum and tin. Pie 
Ann. of Phil. (Thomson), 16 (1820), 18. 


1820: 4. H. Rose. Beitrige zur chemischen Kenntniss des Glimmers. 


(Oxydation des Platins durch Braunstein.) Bis 
J. fur Chem. (Schweigger), 29 (1820), 282. 
1820: 5. G. B.Sowersy. Crystallization of platinum. Pt 


Ann. of Phil. 16 (1820), 233; Ann. chim. phys. 15 (1820), 111; Polyt. 
J. (Dingl.), 3 (1820), 125. 


1820: 6. R. Hare. Strictures on a publication entitled Clark’s “ Gas 
Blow-pipe.” Pt. 
Amer. J. of Sci, 2 (1820), 281. 


1820: 7. J. Sropart and M. Farapay. Experiments on the alloys of 
steel, made with a view to its improvement. Pt, Ebdon Rh Og: 
Quart. J. Sci. 9 (1820), 319; Ann. der Phys. (Gilbert), 66 (1820), 
197; Ann. chim. phys. 15 (1820), 157; Ann. des Mines, 6 (1821), 
261; Jern. Kont. Ann. 5 (1821), 120; J. de Phys. 91 (1820), 378; 
Phil. Mag. 56 (1820), 26; Edin. Phil. J. 3 (1820), 308; Arch. ges. 
Naturl. 2 (1824), 36. 


1821: 1. ——————_.. Extraordinary mass of platina discovered in 


Peru. Pt. 
Edin. Phil. J. 4 (1821), 214; Amer. J. of Sci. 4 (1822), 28. 


1821: 2. J.J. Berzexivus. Sur la composition des oxides du platine et 
de Vor. IEG 


Ann. chim. phys. 18 (1821), 146; J. fur Chem. (Schweigger), 33 
(1821), 422; 34 (1822), 81; Quart. J. Sci. 12 (1822), 412; Edin. 
Phil. J. 6 (1822), 9; Ann. des Mines, 7 (1822), 137. 


1821: 3. J. J. Berzenivus. Om de svafvelbundna alkaliernas samman- 
sittning. (Sulfids of platinum and rhodium.} Pith. 


Akad. Handl. (Stockholm), 1821, i, 80; Ann. chim. phys. 20 (1822), 
34, 113, 225; Quart. J. Sci. 11 (1821), 388; 14 (1822), 209; J. fiir 
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Chem. (Schweigger), 34 (1822), 22, 57; Ann. of Phil. (Thomson), 
4 (1822), 284, 343. 


4, J.B. Boussinecautt. Sur la combinaison du silicium avec le 

platine. (Not compound of platinum and carbon as first thought.) 

Pte 

Ann. chim. phys. 16 (1821), 5; J. fiir Chem. (Schweigger) 32 

(1821), 483; Phil. Mag. 59 (1822), 185; Berzelius Jsb. 2 (1823), 88; 

Archiv f. Bergbau (Karsten), 5 (1822), 158; Ann. des Mines, 7 
(1822), 139. 


5. T. THomson. (Oxid of platinum.) Pi: 
Ann. chim. phys. 18 (1821), 146; Berzelius Jsb. 2 (1823), 87. 
6. C. H. Prarr. Ueber die Weinsteinsiure und das salzsaure 


Platin als Reagentien fiir Kali. Pte 
J. fiir Chem. (Schweigger), 33 (1821), 473. 


v7. J. Murray. On the change of colour in blue vegetable 
colours by metallic salts. (Colored green by platinic chlorid.) Pt. 
Phil. Mag. 58 (1821), 273; J. fiir Chem. (Schweigger), 33 (1821), 


486. 
8. J. F. DANIELL. On a new pyrometer. (Platinum amalgam, 
p.. 319.) des 
Quart. J. Sci. 11 (1821), 309; J. fiir Chem. (Schweigger), 33 (1821), 
110. 


9. J.Murray. On the alloys of platinum. Pts 
Edin. Phil. J. 4 (1821), 202. 


10. T. J. Szzepeck. Magnetische Polarisation der Metalle und 

Erze durch Temperature-Differenz. (Platina tiegeln auf ihre 

chemische Reinheit durch Thermomagnetismus zu priifen.) Pt. 

Abhandl. Acad. Berlin. 1822-23, 265; J. fiir Chem. (Schweigger), 

46 (1826), 101; J. techn. Chem. 2 (1828), 102; Ann. der Phys. 
(Pogg.), 6 (1826), 1, 114, 265. 

11. J.P. CHariton. On the production of colours by mechani- 

cal division. (Effect of platinum black.) Pts 


Ann. of Phil. (Thomson), 18 (1821), 182; J. fiir Chem. (Schweig- 
ger), 33 (1821), 240. 


12. J.P. CHaruron. On the black enamel obtained from platina. 
(Colors from platinum and iridium.) Pi ie 
Ann. of Phil. (Thomson), 18 (1821), 337; J. ftir Chem. (Schweig- 
ger), 34 (1822), 253; Polyt. J. (Dingl.), 7 (1822), 350. 
13. E. D. Cuarke. Observations upon the gas blow-pipe. (Re- 
duction of the platinum metals.) Pt, Pas ie. Eh, Oe 
Ann. of Phil. (Thomson), 17 (1821), 424. 
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1. E. Barruey. Process for procuring pure platinum, palla- 
dium, rhodium, iridium and osmium from the ores of platinum. 
Pt, Pd, Ir, Rh, Os. 


Quart. J. Sci. 12 (1822), 246; Phil. Mag. 59 (1822), 171 (in full); 
Polyt. J. (Dingl.), 8 (1822), 231; Berzelius Jsb. 3 (1824), 105. 


2. L. GMELIN and F. WoHLER. Neue Cyanverbindungen. (Pot- 
assium platino- and pallado-cyanids.) Pi, Pd: 
Gmelin’s Handbuch der theoret. Chemie, 3te Auflage, 2, ii, 1692; 

J. fiir Chem. (Schweigger), 36 (1822), 230. 


3. J.Murray. On the combination of the earths with platinum. 
(With antimony, zirconium, glucinum, aluminum, potassium.) 


Edin. Phil. J. 6 (1822), 385. te 
4. J. Stopart and M. Farapay. On the alloys of steel. (With 
the platinum metals.) Pt, Pd, Iv Rh, Os: 


Phil. Trans. London, 112 (1822), 253; Proce. Roy. Soc. London, 2 
(1833), 169; Ann. chim. phys. 21 (1822), 62; Edin. Phil. J. 7 
(1822), 350; Ann. of Phil. (Thomson), 21 (1823), 202; Ann. der 
Phys. (Gilbert), 72 (1822), 225; Mag. f. Naturvid. 2 (1823), 216; 
Phil. Mag. 60 (1822), 363. 


5. —  ———._ Email noir obtenu avec le platine. Pt 
Ann. chim. phys. 20 (1822), 198; Polyt. J. (Dingl.), 8 (1822), 506. 


6. J. W. Dosereiner. Gliihendes Verbrennen des Alkohols 
durch erhitzte Metalle und Metalloxyde. (Durch Platindraht.) 


J. fiir Chem. 34 (1822), 91. Pt. 
%, ——————.. Sur l’acide formé par la combustion de Véther 
au moyen d’un fil de platine. Pt. 


Ann. chim. phys. 20 (1822), 223. 


1. C. C. On the existence of chrome in the ore of platinum. 
Ann. of Phil. (Thomson), 22 (1823), 198. PE: 


2. PuymMaurRin. Note sur le palladium. (Note on palladium, 
prices, &c.) Pd 
Bul. Soc. Enecour. (Paris), 22 (1823), 163; Bibl. Univ. 83 (1823), 
235; Polyt. J. (Dingler), 12 (1823), 375; J. fiir Chem. (Schweig- 

ger), 39 (1823), 356. 


3. B.Sruman. Test for platinum. (Hydriodic acid.) Pt 


Amer. J. of Se. 6 (1823), 276; J. fir Chem. (Schweigger), 42 (1824), 
121; Polyt. J. (Dingl.), 12 (1823), 465; Ann. of Phil. (Thomson), 
22 (1823), 397; Ann. des Mines, 10 (1825), 176; Mag. ftir Pharm, 
5 (1824), 262. 
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1823: 4. J.J. Berzenius. Undersdkning af fluss-spatssyran och dess 


miarkvardigaste foreningar. (Flussspathsaures Platinoxyd, Ann. 
der Phys. (Pogg.), 1:36, 47; Flussspathsaures Kieselplatinoxyd, 
1:201; Einwirkung von Silicium auf Platin und Rhodium, 1: 
220.) Pt, Ehe 
Acad. Handl. Stockholm, 1823, 284; Ann. der Phys. (Pogg.), 1 
(1824), 36, 47, 201, 220; Ann. chim. phys. 27 (1824), 53, 167; 
Quart. J. Sci. 18 (1825), 156; Ann. of Phil. (Thomson), 24 
(1824), 337, 450. 


1823: 5. R. Branpes. Monographie der Kamphersiure. (Kampher- 
- saures Platinoxyd, p. 299.) Pt: 
J. fiir Chem. (Schweigger), 38 (1823), 269. 

1823: 6. J. W. Dosererver. Neuentdeckte merkwiirdige Eigen- 
schaften des Platin-suboxyds, des oxydirten Schwefel-Platins, und 
des metallischen Platinstaubes. (Oxydation of alcohol to acetic 
acid.) Pt 

J. fiir Chem. (Schweigger), 38 (1823), 321; Ann. chim. phys. 24 
(1823), 91 (in full); Bibl. Brit. [2], 24 (1823), 54; Edin. Phil. J. 
10 (1824), 153; Ann. der Phys. (Gilbert), 74 (1823), 269; Quart. 
J. Sci. 16 (1823), 375; Ann. of Phil. 22 (1823), 464; Phil. Mag. 62 
(1823), 289, 396; Amer. J. of Sci. 7 (1824), 387; N. J. der Pharm. 
(Trommesd.), 7 (1823), 119; Ann. des Mines, 9 (1824), 243; Mag. 
fiir Pharm. 4 (1823), 49, 127. 
1823: 7 J. W. DosEereiner. Platin und Wasserstoffgas. PE: 


Oken, Isis, 1823, 989. 


1823: 8. J. W. DOBEREINER. Ueber das Entgliihen des Platinpulvers. 


J. fiir Chem. (Schweigger), 39 (1823), 159. Pi 


1823: 9. P. L. Dutone and L. J. Toenarp. Note sur la propriété qui 


possédent quelques métaux de faciliter la combinaison des fluides 
élastiques. Pt, Pd. ire 


Ann. chim. phys. 23 (1823), 440; Ann. der Phys. (Gilbert), 76 
(1824), 83; Bibl. Brit. [2], 24 (1823), 195; Froriep, Notizen, 6 
(1824), 83; Mém. Acad. Sci. Paris. 5 (1821), 476; Quart. J. Sci. 
17 (1824), 138; J. fiir Chem. (Schweigger), 39 (1823), 205; Phil. 
Mag. 62 (1823), 282; Ann. of Phil. (Thomson), 6 (1823), 376; Mag. 
fiir Pharm. 5 (1824), 142. 


: 10. P. L. Dutone and L. J. THenarp. Nouvelles observations 


sur la propriété dont jouissent certains corps de favoriser la com- 
binaison des fluides élastiques. Pe 
Ann. chim. phys. 24 (1823), 380; Ann. der Phys. (Gilbert), 76 
(1824), 89; Mém. Acad. Sci. Paris. 5 (1821), 481; J. fiir Chem. 
(Schweigger), 40 (1824), 229; Moniteur (1823), Nov. 12; Arch. 

ges. Naturl. 1 (1824), 81; Mag. fiir Pharm. 8 (1824), 244. 


1823: 


1823: 


1823: 


1823: 


1823: 


1823: 


1823: 


1823: 


1823: 


1823: 
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11. A. GarpEen. On the ignition of platina by hydrogen gas. 

Pt, Tr: 

Ann. of Phil. (Thomson), 22 (1823), 466; J. fur Chem. (Schweig- 
ger), 40 (1823), 115. 


12. C. G. Gmeuin. Ueber Dobereiner’s Entdeckung der Higen- 


schaft des Platinstaubes, Wasserstoff zu entztinden. Pte 
J. fiir Chem. (Schweigger), 38 (1823), 515; Bibl. Brit. [2], 24 
(1823), 278. 


13. L. W. GILBERT, CHLADNI and J. F. DANIELL. Ueber das 
Gliihlampchen. PE 
Ann. der Phys. (Gilbert), 75 (1823), 95. 


14. W. Herapatn. On Dobereiner’s new experiment with 
hydrogen gas and platinum in a finely divided state. (Read be- 
fore Bristol Phil. Soc. of Inquirers.) Pt. 
Phil. Mag. 62 (1823), 286; J. fiir Chem. (Schweigger), 39 (1823), 
255; Mag. fiir Pharm. 5 (1824), 143, 240. 
15. K. Karmarscu. Ueber das Gliihen von Metalldrahten in 
den Dampfen fliichtiger Substanzen. PE 
Ann. der Phys. (Gilbert), 75 (1823), 83. 


16. C. H. Prarr. Ueber die von Dobereiner entdeckte merk- 
wiirdige Eigenschaft des metallischen Platinastaubes oder Platina- 
schwammes. PE 


J. fiir Chem. (Schweigger), 40 (1823), 1; Mag. fiir Pharm. 6 
(1824), 138; 8 (1824), 243. 


17. A. PurtscHnt. Beobachtungen iiber das Entgltihen des Pla- 

tinpulvers im Hydrogenstrome. Pt. 

J. fiir Chem. (Schweigger), 39 (1823), 142, 201; Bibl. Brit. [2], 25 
(1824), 112; 26 (1824), 38; J. d. l’Inst. roy. No. 32. 


18. A. PuetscHt. Beobachtungen iiber das Entgliihen des Pal- 

ladiums im Hydrogenstrome. Pd. 

J. fiir Chem. (Schweigger), 39 (1823), 351; Ann. der Phys. (Gil- 
bert), 76 (1824), 98. 

19. J. S. C. ScuwetecEer. Ueber Dobereiner’s neues Feuer- 

princip. Pt. 


J. fiir Chem. (Schweigger), 39 (1823), 205; 40 (1824), 10, 239, 277; 
41 (1824), 402; Phil. Mag. 64 (1824), 3. 


20: J. R. Breant. Description d’un procédé a Vaide duquel on 
obtient une espéce d’acier fondu semblable a celui des lames 
damassées orientales. (Palladium steel.) Pd 


Ann. chim. phys. 24 (1823), 388; Bibl. Univ. 83 (1823), 236; Edinb. 
Phil. J. 9 (1823), 404; Ann. des Mines, 9 (1824), 319; Ann. of 


1823: 


1823: 


1823: 


1824: 


1824: 


1824: 


1824: 


1824: 
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Phil. (Thomson), 8 (1824), 267; Arch. ges. Naturl. 2 (1824), 38; 
J. fiir Chem. (Schweigger), 40 (1824), 295; Quart. J. Sci. 18 
(1825), 386; Techn. Rep. (Gill), 6 (1824), 49; Mag. fiir Pharm. 4 
(1823), 215. 


21. J.R.Breant. (Palladium medals.) Pd. 
Moniteur (1823), June 22; Arch. ges. Naturl. 2 (1824), 244. 


22. A.C. BecQuEeREL. Sur les fils trés-fins de platine et d’acier. 
(Working of platinum.) Pt, 


Ann. chim. phys. 22 (1823), 113; J. fiir Chem. (Schweigger), 39 
(1823), 374; Mém. de 1’Inst. Paris, 11 (1832), 13. 


23. A.C. BEcQUEREL. Du développement de Vélectricité par le 
contact de deux portions d’un méme métal, dans un état suffisam- 
ment inégal de temperature. Pt; 


Ann. chim. phys. 23 (1823), 135; J. fiir Chem. (Schweigger), 39 
(1823), 448; 44 (1825), 176. 


1. Le Baruuir. (Mittel das Palladium von der Platina zu unter- 
scheiden.) (By iodin and cuprous chlorid.) Pied: 
Ann. de l’Industrie Nation. 15 (1824); J. fir Chem. (Schweigger), 


42 (1824), 120; Polyt. J. (Dingl.), 13 (1824), 275; Berzelius Jsb. 
5 (1826), 142. 


: 2. A.M.pet Rio. Analyse d’un alliage d’or avec du rhodium, de 


la Maison du Départ (Apartado) de Mexico. Rh. 


Sol, Dec. 11, 1824; Ann. chim. phys. 29 (1825), 137; Amer. J. of 
Sci. 11 (1826), 298; J. fiir Chem. (Schweigger), 47 (1826), 65; 
Ann. der Phys. (Pogg.), 10 (1827), 322; Arch. fiir Bergbau 
(Karsten), 11 (1826), 386; Ann. of Phil. (Thomson), 10 (1825), 
251; Ann. des Mines, 12 (1826), 323. 


3. A. Apiz. Hydro-pneumatic lamp. Description of lamp de- 
vised by Mr. Adie as an improvement on Garden’s lamp. Pt: 
Edin. J. Sci. 1 (1824), 144; Ann. der Phys. (Pogg.), 2 (1824), 333. 


4. 8. F. Dana. Ignition of platinum (by vapor of alcohol or 
ether). IPE 
Amer. J. of Sci. 8 (1824), 198; J. fiir Chem. 43 (1825), 380. 


5. J. W. DOspErEeIneR. Ueber Wasserbildung, und tiber den 
Einfluss der Platina auf Hydrogen. Pt. 
J. fiir Chem. (Schweigger), 42 (1824), 60; Ann. of Phil. (Thom- 
son), 25 (1825), 213; Phil. Mag. 65 (1825), 150. 
6. J. W. DosereIner. Das Platin, etc., als Begiinstiger der 
Gasverbindung. Piz 
Archiv ges. Naturl. 2 (1824), 225. 


1824: 


1824: 


1824: 


1824: 


1824: 


1824: 


1824: 


1824: 


1824: 


1824: 
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%. J. W. DopereINEeR. Ueber Wasserbildung, und tiber den 
Einfluss der Platina auf Hydrogen. Pt 


J. fiir Chem. (Schweigger), 42 (1824), 60; Phil. Mag. 65 (1825), 150. 


8. A.Fyre. Description of a hydro-pneumatic lamp. Pt. 
Edin. Phil. J. 11 (1824), 341; Ann. der Phys. (Pogg.), 2 (1824), 
329; Polyt. J. (Dingl.), 15 (1824), 420; Bibl. Brit. [2], 28 (1825), 
196. 
9. L. W. Gizpert. Noch einiges von Herrn Dobereiner aus 


England. (Gliihlampchen.) Pt. 
Ann. der Phys. (Gilbert), 76 (1824), 102. 


10. W. Henry. On the action of finely divided platinum on 
gaseous mixtures, and its application to their analysis. Pt. 
Phil. Trans. London, 14 (1824), 266; Proce. Roy. Soe. London, 2 
(1833), 216; Amer. J. of Sci. 12 (1827), 181; Ann. of Phil. (Thom- 
son), 25 (1825), 416; Phil. Mag. 65 (1825), 269; Ann. des Mines 
[2], 1 (1827), 172; Berzelius Jsb. 6 (1827), 147. 
11. K. W. G. Kastner. Ueber die Imponderabilien, Magnetis- 
mus, Elektricitat, Licht und Warme, etc. (Platinum sponge and 
hydrogen.) Pt 
Arch. ges. Naturl. 1 (1824), 68; 2 (1824), 230. 


12. G. Osann. Das Platin, etc., als Begiinstiger der Gasverbind- 
ungen. Pt. 
Arch. ges. Naturl. 2 (1824), 448. 


13. P. W. Scumipt. Ueber die Ziindapparate nach Dobereiner. 
J. fiir Chem. (Schweigger), 42 (1824), 247. Pt: 


14. E. Turner. Experiments on the application of Professor 
Dobereiner’s recent discovery to eudiometry. (Read before Roy. 


Soc. Edin.) Pie 
Edin. Phil. J. 11 (1824), 99; Ann. der Phys. (Pogg.), 2 (1824), 

210. 
15. ——————_. Repetition of Ddobereiner’s experiments by 
Children, and Daniel and Turner. Po. 


Edin. Phil. J. 21 (1824), 99; J. fiir Chem. (Schweigger), 43 (1824), 
380 (“from J. of Sci. 32, 374’). 


16. J. W. Doprretner. Ueber das leichtfliissige Metall und 
eine kaltmachende Metallmischung. (Warme-entwickelung wenn 
Platin und Zink-Natrium auf einander wirken.) Pt: 


J. fiir Chem. (Schweigger), 42 (1824), 182; Arch. ges. Naturl. 3 
(1824), 89; Quart. J. Sci. 19 (1825), 341. 
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1825: 


1825: 
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17. F. P. Dux. Bemerkungen iiber Elektromagnetismus. 

(Conductivity of platinum, p. 35; Action on needle, p. 38. From 

“ Ueber Magnetismus,” &c., Konigsberg, 1824). Pt 
Arch. ges. Naturl. 1 (1824), 32. 


1. A. von HumBotpt. Vorkommen der Platina und des Palla- 
diums in Brazilien. Pteds 
J. fiir Chem. (Schweigger), 45 (1825), 54. 


2. A. Laucier. Examen du platine trouve en Russie. Pt. 


Ann. chim. phys. 29 (1825), 289; J. fiir Chem. (Schweigger), 46 
(1826), 94; Phil. Mag. 66 (1825), 285; Berzelius Jsb. 6 (1827), 212; 
Ann. des Mines, 12 (1826), 324. 


3. A. Laueier. Examen du platine trouvé en Sibérie. Pte 
Ann. sci. nat. 5 (1825), 333. 


4, W.C. Zeist. En ny Forbindelse af Platinets Forchlorid be- 
handlet med Viinaand. (Compound of platinum chlorid with 
carbon monoxid.) Pt: 
Afh. Danske Vid. Selsk. 3 (1828), 45; Overs. Danske Vid. Selsk. 
1825-26, 13; Berzelius Jsb. 7 (1828), 131; Ann. der Phys. (Pogg.), 
9 (1827), 632; Mag. fur Pharm. 20 (1827), 346. 
6. J. J. Berzetius. Om Svafvelsalter. (Compounds of plati- 
num sulfid with sulfids of carbon, arsenic, molybdenum, tungsten 
and tellurium.) Pts 
Kong. Vet. Acad. Handl. 1825, 232; ,1826, 53; Ann. der Phys. 
(Pogg.), 6 (1826), 453; 7 (1826), 150, 277; 8 (1826), 282, 419; Ann. 
chim. phys. 32 (1826), 60, 166, 265, 393; Brugnatelli, Giorn. 9 
(1826), 297, 435. 
7%. A. PuetscHy. Ueber Hydrojodsiure als Reagens fiir Platin. 
Pte 
Arch. ges. Naturl. 5 (1825), 160; J. fiir Chem. (Schweigger), 43 
(1825), 385; Ann. des Mines [2], 1 (1827), 173. 
8. A. Pietscuy. Ueber die jodige Siure. (Reactions with plati- 
num and palladium.) Pts ied 
J. ftir Chem. (Schweigger), 45 (1825), 1; Arch. ges. Naturl. 6 
(1825), 155. 
9. GQ. BiscHor. Oxydation des Platins durch Schmelzen des. 
Aetzkalis. Pt; 
J. fiir Chem. (Schweigger), 45 (1825), 209. 


10. C. G. Genin. Ueber die Wirkung des... Osmiums, 
Platins, Iridiums, Rhodiums, Palladiums . . . auf den thierischen 
Organismus. Os, Pt,In, Rhy Bde 


J. fiir Chem. (Schweigger), 43 (1825), 110; J. chim. méd. 2 (1826), 
188; 3 (1827), 126, 388; Edinb. J. Med. Sci. 3 (1827), 324. 


1825: 


1825: 


1825: 


1825: 


1825: 
1825: 


1825: 
1825: 
1825: 
1825: 


1825: 


1825: 


1826: 
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11. T. Girt. On a suggestion for improving Dr. Fyfe’s Dober- 

einer’s lamp. Pe 
Techn. Repository, 6 (1825), 297; Polyt. J. (Dingl.), 16 (1825), 301. 

12. G. Brscnor. Der... Dodbereiner’sche Versuch, ein ziemlich 

empfindliches Reagens auf Platin. ; Pe 
J. fir Chem. (Schweigger), 45 (1825), 212. 


13. H. Davy. On the safety lamp for coal miners, with some 
researches on flame. (Aphlogistic lamp.) ‘Et: 
2nd ed. with additions; Ann. of Phil. (Thomson), 25 (1825), 459. 


14. H.A.von Voce. Ueber eine Feuererscheinung des braunen 

Bleioxyds bei Beriihrung mit schweflichtsaurem Gas. (Bemerk- 

ungen tiber das Dobereiner’sche Feuerzeug, &c.) Pte 
Arch. ges. Naturl. 4 (1825), 434. 


15. J.F.Joun. Ueber Dobereiner’sche Platinfeuerzeuge. Pt. 
Arch. ges. Naturl. 4 (1825), 491. 


16. F.P. Dux. Etwas itiber das Dobereiner’sche Phinomen. Pt. 
Arch. ges. Naturl. 6 (1825), 467. 


17. ————__.._ (Agency of platinum in effecting formation of 
water.) Pt 
“ Bull. des Sci. No. 12 ”; Phil. Mag. 65 (1825), 158. 


18. S. Srratinew. Platine spongieux et camphre. Pts 
J. de Pharm. 11 (1825), 195. 


19. F. Wouter. Ueber die Wirkung des Palladiums auf die 

Weingeist Flamme. Pde 

Ann. der Phys. (Pogg.), 3 (1825), 71; Berzelius Jsb. 5 (1825), 143; 
Mag. fiir Pharm. 12 (1825), 282. 


20. ———————. Discussions on disputed inventions. 2. Dan- 


iell’s platina pyrometer, partly anticipated by Mr. Guyton. Pts 
Edin. J. of Sci. 2 (1825), 147. 


21. ——————_.._ Mr. Nicholas Muill’s platina pyrometer. Pt: 
Edin. J. of Sci. 2 (1825), 338. 


22. ———____. (Platina strings for musical instruments.) Pt. 


Neues Kunst und Gewerbeblatt. (Apr. 1825); Edin. Phil. J. 14 
(1826), 200. (Also Musical Gazette, Leipzig.) 


1. A. von Humpotpt (J. B. Boussingault). Ueber die Provinz 
Antioquia und die neu entdeckte Lagerstitte der Platina auf 
Gingen. (Also platinum in the Oural mountains.) (Letter from 
Boussingault, Ann. der Phys. (Pogg.), 7 : 520.) Pt, Pd, Ir, Os, Rh. 


Hertha, 7 (1826), 263; Quart. J. of Sci. 22 (1826), 225; J. de Pharm. 
12 (1826), 434; Ann. chim. phys. 32 (1826), 204; Ann. der Phys. 


1826: 


1826: 


1826: 


1826: 


1826: 


1826: 
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(Pogg.), 7 (1826), 515; J. chim. méd. 2 (1826), 397; Edin. J. of 
Sci. 5 (1826), 323; Amer. J. of Sci. 12 (1827), 384; J. ftir Chem. 
. (Schweigger), 47 (1826), 368; Phil. Mag. 68 (1826), 306; Bul. 
Univ. Nov. (1826); Le Globe, Jy. 20 (1826); Edin. N. Phil. J. 2 
(1827), 197; Ann. des Mines [2], 1 (1827), 175, 178; Berzelius Jsb. 
7 (1828), 184; Mag. fiir Pharm. 16 (1826), 101, 353; Ztsch. fiir 
Min. 1826, No. 12. 


2. — >——. Platina found in Russia: Pe 
Edin. Phil. J. 14 (1826), 173. 


3. J. Menee. Geognostische Nachrichten aus Sibirien; Bemer- 
kungen tiber die Gold- und Platina-Bergwerke des Ural-Gebirges. 
Pir 


Leonhard, Ztsch. fiir Min. 2 (1826), 245, 508; Ann. Sci. Nat. 10 
(1827), 386; Edinb. N. Phil. J. 2 (1827), 199. 


4, A. BreirHaurt. Mineralogische Untersuchung des russischen 
Platinsandes. Pt, Pd, Ir, Os;ne 
Ann. der Phys. (Pogg.), 8 (1826), 500; Phil. Mag. [2], 3 (1828), 72; 
Edinb. N. Phil. J. 3 (1827), 272; Mag. fiir Pharm. 20 (1827), 210; 
Berzelius Jsb. 7 (1828), 185; Ann. chim. phys. 38 (1828), 443; 


J. des Mines russes, Aug. (1827); Ann. des Mines [2], 3 (1828), 
283. 


5. G. Osann. Untersuchung der russischen Platina. (Very full 
study of the ore; contains announcement of three new metals, 
ruthenium, pluran, and polin, 13:287. Pluran was perhaps 
ruthenium, but Osann’s ruthenium and polin were errors. Claus.) 
Pt, Pd, Ir, Os, Rh, | Ru,.Po, Plugs 
Ann. der Phys. (Pogg.), 8 (1826), 505; 11 (1827), 311; 13 (1828), 283; 
14 (1828), 329; Arch. ges. Natur]. 16 (1829), 129; Edinb. New Phil. 
J. 3 (1827), 276; Quart. J. of Sci. 26 (1828), 438; Phil. Mag. [2], 
2 (1827), 391; Heusman Repert. de Chim. Sept. (1827); J. chim. 
méd. 4 (1828), 554; Bull. math. chim. (Férussac), Sept. (1828); 
Mag. fiir Pharm. 20 (1827), 346; 24 (1828), 185; Amer. J. of Sci. 

16 (1829), 384; Berzelius Jsb. 7 (1828), 185; 8 (1829), 206. 


6. T. THomson. Analysis of the ore of iridium. (Attempt to 
determine atomic weights.) Ir, Rhe 


Ann. of Phil. (Thomson), 2 (1826), 17; Mag. fiir Pharm. 16 (1826), 
353; J. fiir Chem. (Schweigger), 47 (1826), 55; Polyt. J. (Dingl.), 
16 (1826), 111; Ann. des Mines, 12 (1826), 326; Berzelius Jsb. 7 
(1828), 183. 


7. A. J. Batarp. Mémoire sur une substance particuli¢érement 
contenue dans l’eau de la mer (le brdme). (Compound of plati- 
num and bromin, p. 362.) Pt. 


Ann. chim. phys. 32 (1826), 337; Ann. der Phys. (Pogg.), 8 (1826), 
333; J. fiir Chem. (Schweigger), 48 (1826), 87; Ann. of Phil. 
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1826: 


1826: 


1826: 


1826: 


1826: 
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(Thomson), 28 (1826), 416; J. de Pharm. 12 (1826), 517; N. J. 
der Pharm. (Trommsd.), 14 (1827), 80. 
8. G. ForcHHAMMER. SBemaerkninger over et nyt chemisk 
Prévemiddel paa Platin, det salpetersure Quiksdlvforilte. 
(HgNO,.) Pr. 
Overs. Danske Vid. Selsk. 1826-27, 8; J. fiir Chem. (Schweigger), 
52 (1828), 3; Mag. fiir Pharm. 24 (1828), 393. 


9. H. B. Mitrer. On the oxidation of palladium during its 

effecting the union of the hydrogen and oxygen gases from ether, 

alcohol, ete. Pd: 
Ann. of Phil. (Thomson), 28 (1826), 20. 


10. J. W. Doprrerner. Neue Bereitung des Platinsuboxyds, 
hochst diinner Platiniiberzug statt Platinschwamm; Gebrauch des 
Essiglimpchens und Bereitung der Essigsiure im Grossen mit- 
telst des Platinsuboxyds. Pt. 
Arch. ges. Natur]. 9 (1826), 341; Mag. fiir Pharm. 18 (1827), 342. 


11. ——————.. Observations on alloys or mixtures of metals. 

(Alloys of platinum metals with copper, molybdenum, bismuth, 

gold, tin, iron, and arsenic are mentioned.) Pt, Pd, hho. 
Franklin Jour. 1 (1826), 316; from Dictionnaire Technologique; 

from Thénard, Chimie Elémentaire. 

12. W. Nasse. Versuche mit einigen Metallen ... in Porzel- 

lanfeuer. (Unschmelzbarkeit des Platins.) Pt: 
J. fiir Chem. (Schweigger), 46 (1826), 80. 


13. J. W. Déserniner. Platinschwammbereitung und Ge- 
brauch. Pt. 


J. fiir. Chem. (Schweigger), 47 (1826), 119; Phil. Mag. [2], 2 
(1827), 388; Heusman Rep. de Chim.; Berzelius Jsb. 7 (1828), 130. 


14. H.B. Miter. Addition to the list of substances that cause 

a coil of platinum wire to continue in a state of incandescence, 

ete. Pt. 
Ann. of Phil. (Thomson), 28 (1826), 21. 


15. J. J. Brerzexius. Ueber die Bestimmung der relativen 
Anzahl von einfachen Atomen in chemischen Verbindungen. 
Ann. der Phys. (Pogg.), 8 (1826), 178. Pt, Pde In, Rhy Os: 


16. §S. Marranrni. Expériences pour déterminer la force elec- 
tromotrice relative des conducteurs de la méme classe. Et 


Ann. chim. phys. 33 (1826), 14; from Saggio di esperienze elec- 
tromotriche &c. Venezia, 1825; J. fiir Chem. (Schweigger), 47 
(1827), 47. 
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1. N. Mamyscnerr. Beschreibung der Entdeckung der Platina 
in Siberien. Pr 
Ztsch. fiir Min. (Leonhard), 1827, 265; Berzelius Jsb. 8 (1829), 202. 


2. <A. T. Kuprrer. Ueber das Vorkommen des Platins in 
Sibirien. Pi 
Arch. ges. Naturl. 12 (1827), 236. 


: 3. ———-——. Sur le minérai de platine de Sibérie. Piz 


J. des Mines russ. Aug. (1827); Ann. des Mines [2], 3 (1828), 284. - 


; 4. —————.. (Platinum mines of the Ural jmie;) Pts 


Bul. Univ. Sept. 1827; Amer. J. of Sci. 14 (1828), 204. 


: 5: A. von Humpotpt. Groésse der Korner von gediegenem 


Platin. Pt. 
Ann. der Phys. (Pogg.), 10 (1827), 487; Ann. chim. phys. 37 (1828), 
222; Amer. J. of Sci. 16 (1829), 389; Bull. math. chim. (Férus- 
sac), Nov. (1828); Berzelius Jsb. 8 (1829), 203; Mag. fiir Pharm. 

28 (1829), 129. 


6. ARKHIPOFF. Nouveau moyen d’extraire Yor du minérai de- 


platine. Pt 
J. des Mines russ. ; Ann. des Mines [2], 1 (1827), 174. 

: 7. ——————. _ Tafel der Atomengewichte der einfachen 

Korper und deren Oxyde. (Atomic weights.) Pt, Pd, ine 


Ann. der Phys. (Pogg.), 10 (1827), 340. 


8. G. Osann. Merkwiirdiges Verhiltniss des Eigengewichts pul- 
verisirter K6rper zu ihren Atomengewichten. Pia 
Arch. ges. Naturl. 12 (1827), 487. 


: 9. J. B. van Mons. Salzsaures Platin. (Verfltichtigung eines 


weisses Precipitits mit Chlorplatin.) Pig 
Arch. ges. Naturl. 10 (1827), 59. 


: 10. P. A. von BonsporFr. Extrait d’une lettre 4 M. Gay- 


Lussae. (Combination of chlorplatinic acid with copper, zinc, 
manganese, iron, etc., chlorids.) Pta 


Ann. chim. phys. 34 (1827), 145; J. fiir Chem. (Schweigger), 49 
(1827), 324. 


: 11. ——————. (Note on double chlorids of platinum and pal- 


ladium.) Pt, Pda 
Ann. der Phys. (Pogg.), 11 (1827), 124. 


: 12. N. W. Fiscuer. Zur Geschichte des Arseniks. (Rauchen 


des mit Platin tiberzogenen Arseniks nach Erhitzen, p. 228.) Pt. 
Arch. ges. Natur]. 11 (1827), 224. 
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12a. E. MirscHeriticu. Ueber eine neue Oxydationsstufe des 
Selens. (Hinwirkung der Selensiure auf Platin, p. 630.) Pi 
Ann. der Phys. (Pogg.), 9 (1827), 623; Ann. chim. phys. 36 (1827), 
100; Edinb. J. of Sci. 8 (1828), 294; Quart. J. of Sci. 2 (1827), 

471. 
13. N. W. Fiscner. Zur Geschichte des Palladiums. (Verhalten 
zu den Sauren, p. 192;zu Reagentien, 197; Doppelsalze, 200.) Pd. 


J. fiir Chem. (Schweigger), 51 (1827), 192; Phil. Mag. [2], 4 (1828), 
230; Heusman Rep. de Chim. Feb. (1828); Ann. des Mines [2], 5 
(1829), 168; Berzelius Jsb. 8 (1829), 183. 


14. N. W. Fiscuer. Beitrige zur Kenntniss der Erzmetalle. 
(Properties of platinum and palladium, p. 227.) Pt, ede 
Arch. ges. Naturl. 13 (1828), 223; from Bul. d. nat. wiss. Sect. 

d. Schlesischen Gesell. fiir Vaterland. Cultur, 1827. 

15. N. W. Fiscuer. Metallreduction auf nassem Wege, durch 

andere Metalle. (Palladium, 9:256 and 10:607. Osmium, 

12:499. Platinum, palladium and osmium, 12 : 504.) 

PE PdeOs: 
Ann. der Phys. (Pogg.), 9 (1827), 256; 10 (1827), 607; 12 (1828), 499, 
504; J. de Pharm. 16 (1830), 133. 

16. M. J. Eicurenp. Eine Erfindung das Platin zu schmelzen. 
PE 
Journal d’Odessa, 1827, 63; Bul. d. Sci. tech. (1828), 280; J. techn. 

Chem. 2 (1828), 402; Polyt. J. (Dingler), 28 (1828), 477; J. Frank. 
Inst. [2], 2 (1828), 249; Berzelius Jsb. 9 (1830), 106. 

17. K. W. G. Kastner. Durchscheinbarkeit des Platins. Pt. 

Arch. ges. Naturl. 10 (1827), 490 (foot-note). 


18. T. Cooper. Experiments and observations on some alloys of 
platinum. (Alloys; speculum metal containing platinum.) Pt. 


Franklin Journ. 3 (1827), 198; Techn. Repository, 1 (1827), 13; J. 
techn. Chem. 1 (1828), 350; Polyt. J. (Dingler), 25 (1827), 401. 


19. ——————.._ (Notes on alloys of gold, palladium and rho- 
dium.) Pd: Rh. 
Ann. der Phys. (Pogg.), 10 (1827), 321. 
20. [J.R.] Breéanr. (Siphon of platinum.) PG 
J. de Pharm. June, 1827; J. fiir Chem. (Schweigger), 50 (1827), 
383. 


21. C. Despretz. Sur la conductibilité des principaux metaux 
et de quelques substances terreuses. (Conductivity of platinum.) 
Be 
Ann. chim. phys. 36 (1827), 422; Ann. der Phys. (Pogg.), 12 (1828), 

282; Quart. J. of Sci. 1 (1828), 220. 
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22. W.S. Harris. On the relative powers of various metallic 
substances as conductors of electricity. (Conductivity of plati- 
num.) Pt 
Phil. Trans. London, 107 (1827), 18; Proc. Roy. Soc. London, 2 
(1833), 298; Ann. der Phys. (Pogg.), 12 (1828), 280; Bull. math. 
chim. (Férussac), 8 (1827), 33. 
1. M. von EnceLHARDT. Die Lagerstiitte des Goldes und 
Platins im Ural-Gebirge. Riga, 1828. Pt; Pd; iy; Os, hile 
Mag. fiir Pharm. 24 (1828), 193 (quite full); Arch. ges. Naturl. 
21 (1831), 160. 
2. F. H. Bemerkungen iiber die Lagerstitte des Platins am 
Ural. Pt.. 
Ann. der Phys. (Pogg.), 13 (1828), 566. 


Monthly Mag. Feb. 1828; Phil. Mag. [2], 3 (1828), 232. 


: 4. C. M. Marx UND ANDERE. Platinamassen von betrachtlichen. 


Grosse und Reichthum an Platin und Gold im Ural. Pts 
J. fir Chem. (Schweigger), 54 (1828), 466. 


: 5. ——————.._ Largest known masses of native platina. Pt.. 


Edin. N. Phil. J. 4 (1828), 185; Phil. Mag. [2], 4 (1828), 308. 


6. A. BreirHavurr. Die Krystallisation der Markase. (Iridos- 
mun, yp.,led2) Ir, Os.. 
J. fiir Chem. (Schweigger), 52 (1828), 165. 


Y. <A. Bretrnaurt. Notiz tiber Verkauf des russischen Platins.. « 


Pt 
J. fiir Chem. (Schweigger), 52 (1828), 109; Phil. Mag. [2], 4 (1828), . 
458. 
8. ———————._ Miinzen aus Platina. (Note.) Pt... 


Mag. ftir Pharm. 23 (1828), 229; Ann. of Phil. (Thomson) (1828),. 
Dec.; Edinb. N. Phil. J. 6 (1829), 197. 


9. J.J. Berzerius. Forsdk ofver de metaller som atfélja Plati-- 
nan samt Ofver sittet att analysera Platinans nativa legeringar- 


eller Malmer. (Atomic weights, salts, oxalates, sulfates, etc.) 
(Considered ruthenium as iridium.) (Rhodium salts, p. 32; palla- 


dium salts, 46; iridium salts, 59; osmium salts, 81; separation of” 


platinum from ore, 103; platinum sulfid, 114.) Pt, Pd, Ir, Os, Rh. 


Kong. Vet. Acad. Handl. (Stockholm), 1828, 25; Ann. chim. phys. 
40 (1829), 51, 138, 257, 337; Ann. der Phys. (Pogg.), 13 (1828), - 
435, 527; J. techn. Chem. 3 (1828), 465; Phil. Mag. [2], 5 (1829), 
395; 6, 146; Amer. J. of Sci. 18 (1830), 162; Polyt. J. (Dingler), 
30 (1828), 315; Oken, Isis, 22 (1829), 279; Quart. J. of Sci. 2: 


—_— 


8: 3. ————————._ Native platinum from Nijne Taguilski. Pt.@ 
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(1829), 174; Ann. des Mines [2], 5 (1829), 326; Mag. fir Pharm. 
26 (1829), 106, 279; Berzelius Jsb. 9 (1830), 114, 163, 169, 171, 180, 
194; 10 (1831), 112. 
10. P. A. von Bonsporrr. Bidrag till afgérande af fragan om 
Chlor, Iod. m. fl. metalloider, i likhet med syre, aro syra- och bas- 
bildande Kroppar. (Chloroplatinates, and bromoplatinates and 
palladinates.) Pt, Pd: 


Kong. Vet. Acad. Handl. Stockholm, 1828, 174; 1830, 117; Ann. der 
Phys. (Pogg.), 17 (1829), 247; 18 (1829), 331; 19 (1830), 337; 
Ann. chim. phys. 44 (1830), 189, 244; Ann. des Mines [3], 1 
(1832), 409, 411. 


11. G. Maenus. Ueber einige neue Verbindungen des Platin- 
chloriirs. (Salt of Magnus, first platinum base.) Pt. 
Ann. der Phys. (Pogg.), 14 (1828), 239; Ann. chim. phys. 40 (1829), 

110; Quart. J. Sci. 1 (1829), 420; Ann. des Mines [3], 1 (1832), 

142; Berzelius Jsb. 9 (1830), 159; Mag. fiir Pharm. 26 (1829), 297. 

12. J. W. DOBEREINER. Vermischte chemische Erfahrungen 
tiber Platina. (Precipitation by zinc, decomposition of carbon 
monoxid by dry oxid of platinum, platinum sulfid, and platinum 
“ feuerzeug.”) Pt. 


J. fiir Chem. (Schweigger), 54 (1828), 412; Amer. J. of Sci. 18 
(1830), 151; Quart. J. Sci. 2 (1829), 196; Ann. des Mines [3], 1 
(1832), 141; Mag. fiir Pharm. 26 (1829), 298. 


13. N.W.Fiscuer. Beitrige zur niheren Kenntniss des Platins 

und die mit demselben in Verbindung vorkommenden Metalle, 

namentlich des Rhodiums und Iridiums. (Action of various 

reagents, zinnsalz, hydrogen sulfid, &c.) Bt, Pasir; Os. hie 
J. fir Chem. (Schweigger), 53 (1828), 108; Mag. fiir Pharm. 24 

(1828), 394; 26 (1829), 295. 

14. L. Kranovanszky. Vermischte chemische Bemerkungen 

tiber Lithium. (Action of lithium on platinum.) Piz 
J. fiir Chem. (Schweigger), 54 (1828), 232, 346. 


15. G. Werzuar. Beitrige zur chemischen Geschichte des Sil- 

bers. (Recognition of palladium by action of copper chlorid, p. 

474.) Pd: 
J. fiir Chem. (Schweigger), 52 (1828), 466. 


16. ——————_. Ueber die Wirkung zwischen Gold und Silber 
im starren Zustande und die Legirung von Gold und Platinum. 
Ann. der Phys. (Pogg.), 14 (1828), 525. Pt: 


17. O. L. Erpmann. ‘Technische Anwendbarkeit des rohen 
Platins. PE 
J. techn. Chem. 1 (1828), 362. 
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1828: 18. O.L. Erpmann. Ueber Dobereiner’s Raiucherlampchen und 
das Platiniren des Glases. Pie 
J. techn. Chem. 3 (1828), 395. 


1828: 19. O. L. Erpmann. Seebeck’s Priifung der Platina auf ihre 


Reinheit durch Thermomagnetismus. Pt. 
J. techn. Chem. 2 (1828), 89. 
1828: 20. J. Zusper. (Platinirung.) Pte 


Bul. Soc. Indust. Mulhouse, 4, ; J. techn. Chem. 2 (1828), 527. 


1828: 21. Lapsontrt anp Deputs. (Verfahren Kupfer mit Platina zu 
plaquiren.) Pt 
Deser. d. machines dans les brevets, par Christian, 1828, 523; 
Rep. of Pat. Inventions, June, 1828, 580; Polyt. J. (Dingler), 33 

(1829), 129; J. Frank. Inst. [2], 6 (1830), 176. 
1828: 22. J. S. CO. Scuwetacer. Ueber Nobili’s elektrochemischen 
Figuren. (Platinum plating on glass.) Pi 

J. fiir Chem. (Schweigger), 54 (1828), 59. 


1828: 23. J. P. J. D’Arcret. Ueber die Scheidung des Goldes und 
Silbers vom Kupfer mittelst Schwefelsiure. (Use of platinum 
vessels.) Pr 


Recueil Industriel, Dec. 1828; from Mémoire on Instructions 
relative to the Art of Refining, Paris, 1828 (or 1827?); J. techn. 
Chem. 4 (1829), 424; Polyt. J. (Dingler), 31 (1828), 281; Bibl. 
Univ. Apr. 1829; Amer. J. of Sci. 17 (1830), 179. 
1828: 24. K. W. G. Kastner. Giite und Preis des Niirnberger Blatt- 
und Maler-Platin. Pt 
Arch. ges. Naturl. 14 (1828), 162. 


1828: 25. N. W. Fiscurr. Zur Geschichte des Platins. (Warmelei- 
“tung des Platins, also chlorids of ammonium and platinum.) Pt. 


Arch. ges. Naturl. 14 (1828), 145; J. techn. Chem. 3 (1828), 263; 
Quart. J. of Sci. 5 (1829), 193; Berzelius Jsb. 9 (1830), 109, 113, 
161; Mag. fiir Pharm. 24 (1828), 347. 


1828: 26. L. Scnwarrz. Sur la mesure des hautes températures. Pt. 
Bul. Soe. Indust. Mulhouse, 1 (1828), 22; J. techn. Chem. 2 (1828), 

341. 
1828: 27%. C.H. Prarr. Ueber die sogenannte elektrische Ladung der 
Metalle im Kreise der voltaischen Siule. (No change in plati- 


num wire.) Pt. 
J. fiir Chem. (Schweigger), 53 (1828), 401. 
1828: 28. Dusianc. (Platinum chlorid test for iodin.) Pt. 


Berzelius Jsb. 7 (1828), 148. 
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1829: 1. A. T. Kuprrer. Versuch einer geognostischen Schilderung 


des Urals. (Occurrence of platinum, p. 283.) _ Pi. 
Ann. der Phys. (Pogg.), 16 (1829), 260. 
1829: 2, ———————. Platingewinnung am Ural (Ausbeute). Pi: 
Ann. der Phys. (Pogg.), 15 (1829), 52; J. techn. Chem. 5 (1829), 
104. 
1829: 8. —————._ (Platinum in Ural mts.) Et. 


“From a Prussian Journal”; Amer. J. of Sci. 18 (1830), 190; 

Phil. Mag. [2], 7 (1830), 59; Bibl. Univ. July, 1829 [1830?]. 
1829: 4. J. C. L. Zincken. Ueber das Palladium im Herzogthum 
Anhalt-Bernburg. Pd. 
Ann. der Phys. (Pogg.), 16 (1829), 491; J. techn. Chem. 6 (1829), 
235; J. fiir Chem. (Schweigger), 56 (1825), 487; Ann. chim. 
phys. 44 (1830), 206; Ann. des Mines [3], 1 (1832), 447; Berzelius 

Jsb. 10 (1831), 167; 11 (1832), 202. 

1829: 5. BrNECKE AND RIENECKER. Ueber das Selen-Palladium bei 
Tilkerode im Harze. (Arbeit.) Pd: 


1829: 6. G. Osann. Berichtigung, meine Analyse des ural’schen 
Platins betreffend. (No new metal present.) 
[ Ra, Po, Play) Pied, Oso Wh. 
Ann. der Phys. (Pogg.), 15 (1829), 158; Arch. ges. Naturl. 16 
(1829), 129; Mag. fir Pharm. 26 (1829), 294: 
1829: 7. W.H. Wottaston. Sur la préparation du palladium. Pd. 
Ann. chim. phys. 41 (1829), 413. 


1829: 8. W. H. Wortaston. Sur la préparation de l’osmium. Os. 
Ann. chim. phys. 41 (1829), 414. 
1829: 9. J. J. Berzenius. Einige nachtrigliche Bemerkungen tiber 
das Iridium und das Osmium. (Continued from 1828: 9.) Ir, Os. 
Ann. der Phys. (Pogg.), 15 (1829), 208; Ann. chim. phys. 42 
(1829), 185; Ann. des Mines [3], 1 (1832), 144. 
1829: 10. W.C. Zetsr. Om Platin chloridet. Havniae (Copenhagen), 
1830. Pt: 
Oversigt. Danske Vid. Sels. 1829-30, 21; Afhandl. Danske Vid. Sels. 
5 (1832), 55. 
1829: 11. [E.] Davy. Fulminic acid. Pt. 
Roy. Soe. Dublin, 1829; Berzelius Jsb. 12 (1833), 95, 121; Pharm. 
Centrbl. 1835, 8. 
1829: 12. J.J. Berzetius. Eine besondere Art von Platinsalzen. (Or- 
ganic platinum compound, probably “ Acechlorplatin” of Zeise.) 
Pt. 


Berzelius Jsb. 9 (1830), 162; Ann. der Phys. (Pogg.), 16 (1829), 82; 
Mag. fir Pharm. 28 (1829), 316. 
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13. J. L. Lassaicne. Sur les combinaisons de Viode avec le 
manganese, le fer, et le platine. Pt. 
J. chim. méd. 5 (1829), 330; Ann. des Mines [3], 1 (1832), 114; 
Berzelius Jsb. 10 (1831), 152. 
14. K. W. G. Kastner. Unerwartetes Reduction der aufgelésten 
Platinoxyds, durch Aether. Pt. 
Arch. ges. Naturl. 18 (1829), 388. 


15. L. H. Zennecx. Ueber das pneumatische Verhalten einiger 

Metalle zur Salzsiure. (Platinum in hydrochloric acid, p. 101.) 

(Platinum foil helps solution of metals in hydrochloric acid, p-. 

108.) Pris 
Arch. ges. Naturl. 17 (1829), 92. 


: 16. W. A. Lampapius. LEinige neue Erfahrungen iiber das Ver- 


halten des Silbers gegen Platin. (Alloy and separation.) Pt 
J. techn. Chem. 4 (1829), 279; Ann. des Mines [3], 1 (1832), 412. 


: 17. W. A. Lampapius. Zerlegung der Iridchloride durch Plat- 


inmetalle. (Also iridium alloys and separation.) Pp, ine 
J. techn. Chem. 6 (1829), 453; 11 (1831), 1; Ann. des Mines [3], 1 
(1832), 412. 


18. N. W. Fiscuzr. Ueber Metallsuperoxyde. (Palladium 
superoxyd, p. 218.) Pde 
Arch. ges. Naturl. 16 (1829), 214; Mag. fiir Pharm. 28 (1829), 317. 


19. N. W. Fiscner. Ueber die Wiederherstellung der Metalle 
durch Stickstoff. (Reduction of palladium on evaporation by the 
nitrogen of the air; also observations (p. 459) by Kastner.) Pt, Pd. 


Arch. ges. Naturl. 18 (1829), 105, 457; Ann. der Phys. (Pogg.), 17 
(1829), 137, 479; Amer. J. of Sci. 19 (1831), 371. 


20. W.H. Woxtaston. On a method of rendering platina mai- 

leable. (Bakerian Lecture, 1828.) (Also palladium, and the 
obtaining of the oxid of osmium in a crystalline state.) 

Pt, Ir; Os; Pak 

Phil. Trans. London, 119 (1829), 1; Proe. Roy. Soe. London, 2 

(1833), 352; Ann. chim. phys. 41 (1829), 403; J. techn. Chem. 5 

(1829), 235; 6, 221; Ann. der Phys. (Pogg.), 15 (1829), 299; 16,. 

158; J. flr Chem. (Schweigger), 55 (1829), 376; 56, 253; 57, 693. 

Phil. Mag. [2], 5 (1829), 65; 6, 1; Polyt. J. (Dingler), 31 (1829), 

76; 32, 149; 34, 1; Quart. J. of Sci. 6 (1829), 97; J. Frank. Inst. 

[2], 4 (1829), 226; Bibl. Univ. 41 (1829), 128; Mech. Mag. 279 

(1828), 319; Arch. ges. Naturl. 17 (1829), 113; Berzelius Jsb. 9 

(1830), 107; Mag. fiir Pharm. 28 (1829), 314. 
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21. J. N. Puaniava. Bereitung eines leicht ziindenden Platin- 


schwammes. Pts 
Ztsch. fiir Phys. (Baumgartner), 5 (1829), 9; J. techn. Chem. 4 
(1829), 121. 


22. J. VvoN Ligsic. Sur le précipité noir de platine de M. Kd- 
mund Davy, et sur la propriété de l’éponge de platine d’enflammer 
VPhydrogéne. Pt. 
Ann. chim. phys. 42 (1829), 316; Amer. J. of Sci. 18 (1830), 398; 
Ann. der Phys. (Pogg.), 17 (1829), 101; J. techn. Chem. 6 (1829), 

467; J. Frank. Inst. [2], 6 (1830), 269. 


23. F. W6uuLER. Increased combustibility of carbon by plati- 
num. Pt. 
Quart. J. of Sci. 6 (1829), 178; Phil. Mag. [2], 6 (1829), 394. 


24. J.W.DO6BEREINER. Zur weiteren Kenntniss der chemischen 
Dynamik des Platins, etc. (Platiniren des Glases.) (Quantita- 
tive Bestimmung des Alkohols mittelst Platinsuboxydul.) Pi. 


Arch. ges. Naturl. 16 (1829), 111; J. techn. Chem. 4 (1829), 496; 5 
(1829), 103; Berzelius Jsb. 10 (1831), 111. 


25. T. Granam. On the application of spongy platinum to 

eudiometry. Pt: 

Quart. J. Sci. 2 (1829), 354; J. techn. Chem. 8 (1830), 20; Bibl. 
Brit. [2], 43 (1830), 387. 

26. A.C. BEecQuEREL. De pouvoir thermo-électrique des métaux. 

(Copper-platinum and iron-platinum couples.) Et: 


Ann. chim. phys. 41 (1829), 353; Mém. de 1’Inst. Paris, 10 (1831), 
237; Ann. der Phys. (Pogg.), 16 (1829), 306; 17, 535; J. fiir Chem. 
(Schweigger), 57 (1829), 302. 


27. C. Despretz. Observations sur les modifications que subis- 
sent les métaux dans leurs propriétés physiques, par l’action com- 
binée du gaz ammoniacal et de la chaleur. (No change in plati- 
num, p. 129.) Pt: 
Ann. chim. phys. 42 (1829), 122; Ann. der Phys. (Pogg.), 17 (1829), 
296; J. fiir Chem. (Schweigger), 58 (1830), 226; Quart. J. of Sci. 
1 (1830), 201. 
1. M. von EncretHarpt. Die Lagerstatte der Diamanten im 
Ural-Gebirge. Riga, 1830. (Occurrence of platinum.) Pt: 
Arch. ges. Naturl. 21 (1831), 160. 


2. M. von ENGELHARDT. Vorkommen des Platins in dem 
Porphyr. Pt. 
Ann. der Phys. (Pogg.), 20 (1830), 532. 
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3. C. M. Marx. Ueber die von Struve’sche Mineralien-samm- 
lung. (Description of platinum and iridosmium.) Pt, Os, i 
Arch. ges. Naturl. 19 (1830), 370. 


4. A. von Humpotpt. (Platin-Ausbeute.) Pt 
Ann. der Phys. (Pogg.), 18 (1830), 273; Arch. ges. Naturl. 21 (1831), 

161. 
5. QUESNEVILLE, FILS. Une methode pour separer osmium et 


Viridium de la mine de platine. (Read at Soc. de Pharm., Aug. 
11, 1830.) Pt; In, ‘Os: 


J. chim. méd. 6 (1830), 668; J. de Pharm. 16 (1830), 557; Polyt. J. 
(Dingler), 40 (1831), 73; Berzelius Jsb. 11 (1832), 144. 


6. J.J. BerzeLius. Oxyde des Platins. Pr 
Berzelius Jsb. 9 (1830), 110. 


?. J. von Lizpig. Neue Erfahrungen tiber J. [!E.] Davy’s 

sogenanntes_ salpetrichtsaures Platinoxyd oder Débereiner’s 

Platinsuboxyd. Pt: 
Mag. fiir Pharm. 29 (1830), 101. 


8. lL. Htneretp. Ueber zwei neue Doppelsalze aus Chlor, Zink 
und Platin. (Zine platino- and platini-chlorid.) Pt: 


J. fiir Chem. (Schweigger), 60 (1830), 197; Arch. ges Naturl. 21 
(1831), 471; Berzelius Jsb. 11 (1832), 191. 


9. N. W. Fiscuer. Bemerkungen iiber die Platinmetalle, 
(Phosphorsaures Rhodiumoxyd u. s. w.) Pt, Pd; Os, in kine 


J. fiir Chem. (Schweigger), 18 (1830), 256; Berzelius Jsb. 11 (1832), 
143; Mag. fir Pharm. 32 (1830), 314. 


9a. ———————.. Seleniuret of palladium. Pde 
Edinb. J. of Sei. [2], 3 (1830), 358. 
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J. fiir Chem. (Schweigger), 58 (1830), 60. 


11. G. Osann. (Specific gravity of platinum, etc.) Pt. 
Arch. Chem. (Kastner), 1 (1830), 58; Pharm. Centrbl. 1831, 291. 
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13. M. Farapay. On the manufacture of glass for optical pur- 
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16; preparation of spongy platinum, p. 56.) Pt. 


Phil. Trans. London, 120 (1830), 1; Proce. Roy. Soe. London, 2 
(1833), 388; Ann. der Phys. (Pogg.), 18 (1830), 556, 577; J. techn. 
Chem. 9 (1830), 113; Ann. chim. phys. 45 (1830), 225; Froriep, 
Notizen, 27 (1830), 116. 


14. W. A. Lampapius. Einfaches Verfahren Kupfer und Mes- 


sing mit Silber und Platin zu bedecken. Pt. 
J. techn. Chem. 8 (1830), 52. 


15. J. F. DANIELL. On certain phenomena resulting from the 
action of mercury upon different metals. (Mercury on platinum.) 
Pt. 
J. Roy. Institution, 1 (1831), 1; Ann. der Phys. (Pogg.), 20 (1830), 

260; Bibl. Brit. [2], 46 (1831), 32. 
16. F. Gosrt. Magnetische Reaction des Platins. Pi 


J. fiir Chem. (Schweigger), 60 (1830), 415; Edinb. N. Phil. J. 11 
(1831), 388. 


17. ——————._ (Imitation of platinum by copper zine alloy.) 
Recueil Indust. Apr. 1830; Amer. J. of Sci. 22 (1832), 383. Pte 
18. W. E. Weper. Ueber die specifische Warme fester Korper, 
insbesondere der Metalle. Pt. 
Ann. der Phys. (Pogg.), 20 (1830), 178; Berzelius Jsb. 11 (1832), 13. 
19. N.W.Fiscurr. Zur Warmelehre, besonders in Hinsicht auf 


das Leitungsvermogen des Platins. Pt. 
Ann. der Phys. (Pogg.), 19 (1830), 507; Berzelius Jsb. 11 (1832), 13. 


1, ——————.._ On the gold, silver, and platina of Russia. Pt. 
Featherstonehaugh’s Amer. J. of Geol. Sept. 1831; Edinb. N. Phil. 

J. 13 (1832), 189. 
2. J. N. Fucus. Platingeschiebe von ausserordentlicher Grosse 


von Nische Tagilsk. Pt. 
J. fiir Chem. (Schweigger), 62 (1831), 94. 


3. ————.. Verkauf von Osmium Iridium. (Price.) Os, Iv. 
J. techn. Chem. 10 (1831), 144. 
4. W.C. Zetsr. Von der Wirkung zwischen Platinchlorid und 
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Ann. der Phys. (Pogg.), 21 (1831), 497; J. ftir Chem. (Schweigger), 
62 (1831), 393; 63, 121; Mag. fiir Pharm. 35 (1831), 105; Pharm. 
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fiir Pharm. 36 (1831), 104. 
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5. W. ©. Zetsz. Kulbrintet Chlorplatin-ammoniak [1831]. 
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Afhandl. Danske Vid. Sels. 5 (1832), 141; Oversigt. Danske Vid. 

Sels. 1830-31, 24; J. fiir Chem. (Schweigger), 63 (1831), 136; 
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%. A. C. BecQUEREL. Du carbonate de chaux cristallisé, et de 
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terres. (Action on oxid of platinum.) Pt. 
Ann. chim. phys. 47 (1831), 5; J. chim. méd. 7 (1831), 297; Pharm. 
Centrbl. 1831, 415. 


8. J. W. Doseretner. Zersetzung des Platinchlorids von 


Oxalsiure und oxalsauren Salzen am Sonnenlicht. Pie 
J. fiir Chem. (Schweigger), 62 (1831), 94; Pharm. Centrbl. 1831, 
383. 


9. J. W. DOBEREINER. Ueber Oxal-, Ameisen-, und Essigsaure. 
(Action of platinum black.) Pt. 
J. fiir Chem. (Schweigger), 63 (1831), 232. 


10. F. W. Scuwetacrer-Serpet. Nachtrag zu Déobereiner’s 
Oxal-, Ameisen- und Hssigsaure. Pt. 
J. fir Chem. (Schweigger), 63 (1831), 234. 


11. F. W. Scuweiccer-Sripen. Ueber Platinagliihlampen und 
Lampenessig. Pt: 
J. fiir Chem. (Schweigger), 63 (1831), 147. 


12. J. W. Dopererner. Ueber Platinmohr und einen Essig- 


bildungs-Apparat. Pa: 
J. fiir Chem. (Schweigger), 63 (1831), 363; J. prakt. Chem. 2 
(1834), 520. 
13. J. W. DopereIner. Ueber Entziindung des Knallgases 
durch Platinmohr. PR 
J. fur Chem. (Schweigger), 63 (1831), 464; Berzelius Jsb. 12 (1833), 
114. 


14. J. W. Doseretner. Ueber Iridmohr und dessen ausge- 
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15. J. W. Doperrtner. Portatives Iridfeuerzeug. ie 
J. fiir Chem. (Schweigger), 63 (1831), 467. 


we 


1831: 


1831: 


1831: 


aS oie: 


1831: 


1831: 


183i; 


1831: 


1831: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 55 


16. J. W. Dopererner. Merkwiirdige Ammoniakbildung (aus 
Salpetersiure, Alkohol und Platin- oder Irid-mohr). Pi, ir: 
J. fiir Chem. (Schweigger), 63 (1831), 476. 


17. J. W. DOBEREINER. Ueber Nobili’s elektro-chemische Far- 
benfiguren. Pt: 
J. fiir Chem. (Schweigger), 63 (1831), 472. 


18. R. Borrerr. Ueber Platinaschwamm und die, dessen Ziind- 
kraft vollig aufhebende, Higenschaft der, mit Ammoniakgas 
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J. ftir Chem. (Schweigger), 63 (1831), 371; J. techn. Chem. 12 
(1831), 233; Berzelius Jsb. 12 (1833), 113; Pharm. Centrbl. 1831, 
785. 
19. J. S. C. Scuwetccer. Ueber Bottger “iiber Platina- 
schwamm, u. s. w.” (Action of ammonia.) Pi. 
J. ftir Chem. (Schweigger), 63 (1831), 375. 


20. H. Hess. Sur le propriété que possede le platine trés divisé 
d’opérer la combinaison de l’oxigéne avec V’hydrogene, et sur la 
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Mém. Acad. St. Pétersb. [6], 1 (1831), 587; Gott. Gelehrte Anzeiger, 
1833, 139; Pharm. Centrbl. 1833, 379. 


21. R. Hare. Asbestos impregnated with platinum. (Letter.) 
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Amer. J. of Sci. 20 (1831), 160; J. techn. Chem. 14 (1832), 235; 
Polyt. J. (Dingler), 44 (1832), 231. 

22. G. MERRYWEATHER. Account of a platina lamp. Pt. 


Edinb. N. Phil. J. 10 (1831), 359; Amer. J. of Sci. 20 (1831), 385; 
J. fiir Chem. (Schweigger), 63 (1831), 148; Polyt. J. (Dingler), 
40 (1831), 73; Pharm. Centrbl. 1831, 812. 


23. §. F. Hermpstapr. Versuche und Beobachtungen iiber die 
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Abhand. Acad. Berlin. 1831, 285; J. techn. Chem. 17 (1833), 232; 
Pharm. Centrbl. 1833, 587. 


: 24. J. A. Bucuner. (Action of fused ammonium nitrate on 
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Rep. fiir Pharm. (Buchner), 39 (1831), 360; Pharm. Centrbl. 1832, 
240. 


25. J.J. Brerzerius. Vanadins foreningar med metaller. (Plat- 
inum-vanadium alloy.) Ete 
Handl. Vet. Akad. Stockholm, 1831, 22; J. fur Chem. (Schweig- 
ger), 62 (1831), 349; Ann. chim. phys. 47 (1831), 337; Ann. der 
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26. STIEREN. Platingefiasse. ‘Pte 
Rep. fiir Pharm. (Buchner), 39 (1831), 1; J. techn. Chem. 13 
(1832), 492; 16 (1833), 376 (Berichtigung); Pharm. Centrbl. 

1832, 77. 
27. H. Aston. Chemische Untersuchung des Spinels. (Steel 


press for platinum, p. 309.) Pt. 
Ann. der Phys. (Pogg.), 23 (1831), 305; Ann. des Mines [3], 6 
(1834), 244. 
28. J. F. Daniety. Further experiments with a new register 
pyrometer for measuring the expansion of solids. (Cause of 
change of texture of platinum when heated with black lead, p- 
456.) ; Pte 
Phil. Trans. London, 121 (1831), 443; J. techn. Chem. 15 (1832), 
459; Phil. Mag. 1 (1832), 261. 
29. Boupon DE St. AManp. Platin in Porcellanfarbung u. s. w. 
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Dese. d. Machines, Brevets d’Inv. par Christian, 16, 5; Polyt. J. 
(Dingler), 41 (1831), 219. 
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Journ. de St. Pétersb. (Journ. des Mines Russ.?) (1832), Mar. 
8-20; Berzelius Jsb. 12 (1833), 175. 


2. J. F. W. Herscuext. On the action of light in determining 

the precipitation of muriate of platinum by limewater. Pte 

Phil. Mag. [3], 1 (1832), 58; Ann. der Phys. (Pogg.), 26 (1832), 176; 

Ann. Chem. (Liebig), 3 (1832), 337; J. fiir Chem. (Schweigger), 

65 (1832), 262; Pharm. Centrbl. 1832, 620; Berzelius Jsb. 13 
(1834), 141. 


3. J. W. Doperriner. Ueber Platinoxyd-Natron und daraus 
bereiteten Platinmohr. Pir 


J. fiir Chem. (Schweigger), 66 (1832), 298; Pharm. Centrbl. 1833, 
141; Berzelius Jsb. 13 (1834), 107, 142. 


4, P. A. von Bonsporrr. Analys af tvenne Brom-salter 
(Bromo-Platinas Natricus och Bromo-Auras Kalicus.) Pe 


Handl. Vet. Acad. Stockholm, 1832, 88; Ann. der Phys. (Pogg.), 
33 (1834), 61; L’Institut, 3 (1835), 105; Berzelius Jsb. 12 (1833), 
158; Ann. des Mines [3], 7 (1835), 486. 


5. J. L. Lassatane. Mémoire sur les iodures de platine et les 
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Vacide hydriodique, et ’hydriodate d’ammoniaque. Pte 


Ann. chim. phys. 51 (1832), 113; J. chim. méd. 8 (1832), 705; Ann. 
der Phys. (Pogg.), 33 (1834), 67; Ann. Chem. (Liebig), 8 (1833), 
185; J. fiir Chem. (Schweigger), 67 (1833), 30; Phil. Mag. [3], 
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6. J. L. Lassaiene. Recherches sur la limite de sensibilité de 
certains réactifs trés-employés dans analyse chimique. (Platinic 
chlorid.) Pt 


J. chim, méd. 8 (1832), 513, 577; Pharm. Centrbl. 1832, 774, 914. 


?%. P. Orrita. Ueber mehrere mineralische Gifte. (Platinic 

chlorid for potassium iodid.) ie 

J. chim. méd. 8 (1832), 257; Pharm. Centrbl. 1832, 464; Froriep, 
Notizen, 34 (1832), 33. 


8. R. J. KANE (and R. Puiuires). Analysis of some compounds | 
of platinum. (lodids.) (Observations by R. Phillips in Phil. 


Mag. 2: 197.) Pte 
Dublin J. Med. Chem. Sci. 1 (1832), 304; Phil. Mag. [3], 2 (1833), 
197. 


9. J. W. Dosrretner. Notizen iiber Sauerstoffaither, und 
verwandte Gegenstiinde. (Action of platinum black in promotion 
of the oxidation of sulfur dioxid to sulfuric acid.) Pi: 


Ann. der Phys. (Pogg.), 24 (1832), 603; Ann. Chem. (Liebig), 2 
(1832), 343; Pharm. Centrbl. 1832, 477. 


10. J. W. DépeRreIneR. Ueber die depotenzirende Wirkung des 


Ammoniaks auf den Platinschwamm. ee 
Ann. Chem. (Liebig), 1 (1832), 29. 


11. J. W. Doperetner. Ueber die Bereitung des Platinmohrs. 
Pit 


Ann. Chem. (Liebig), 2 (1832), 1; J. techn. Chem. 14 (1832), 456; 
Pharm. Centrbl. 1832, 515, 857. 


12. ————_——_. Ueber Essigsiureerzeugung. (Use of plati- 

num black.) (Subject of a prize award.) Pe: 

Ber. Soc. d. Pharm. Paris; J. de Pharm. 18 (1832), 364; J. fur 
Chem. (Schweigger), 62 (1832), 285. 

13. P. Puinuips. Ueber Fabrication der Schwefelsiure ohne 


Salpeter. (By platinum black.) Pt: 


J. fiir Chem. (Schweigger), 65 (1832), 443; J. techn. Chem. 14 
(1832), 330. 


14. ——____. Bereitung und interessanteste Higenschaften 
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black.) Pt 
Pharm. Centrbl. 1832, 113, 139, 145, 161, 177. 


58 


1832: 


1832: 


1832: 


1832: 


1832: 


1833: 


1833: 


1833: 


1833: 


1833: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 


15. W. Marsnatu. An account of the Russian method of ren- 
dering platinum malleable. Pi: 
Phil. Mag. [2], 11 (1832), 321; Ann. Chem. (Liebig), 4 (1832), 210; 
J. fiir Chem. (Schweigger), 65 (1832), 259; J. techn. Chem. 14 
(1832), 319; Polyt. J. (Dingler), 45 (1832), 205; Berzelius Jsb. 

13 (1834), 106. 
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J. fiir Chem. (Schweigger), 66 (1832), 159; Ann. Chem. (Liebig), 
8 (1833), 182; J. techn. Chem. 16 (1833), 127; Pharm. Centrbl. 
1833, 133; Berzelius Jsb. 13 (1834), 107. 
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J. chim. méd. Sept. 1832; J. techn. Chem. 16 (1833), 133. 
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Ann. der Phys. (Pogg.), 29 (1833), 452; Ann. Chem. (Liebig), 12 
(1834), 238; Ann. des Mines [3], 6 (1834), 270; Phil. Mag. [3], 5 
(1834), 101. 
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J. prakt. Chem. 1 (1834), 76. 
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Phys. (Pogg.), 31 (1834), 16; Pharm. Centrbl. 1834, 125; J. chim. 
méd. 10 (1834), 109; Berzelius Jsb. 14 (1835), 177. 
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schaftliche Vorkommen des Platinerzes und des gediegenen Sil- 
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32 (1834), 232; Phil. Mag. [3], 6 (1835), 238; Ann. des Mines [3], 

7 (1835), 558; Berzelius Jsb. 14 (1835), 178. 
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J. fiir Chem. (Schweigger), 69 (1833), 1; Ann. Chem. (Liebig), 12 
(1834), 239; Pharm. Centrbl. 1833, 894, 908; Ann. des Mines [3], 
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Ann. der Phys. (Pogg.), 31 (1834), 288; J. fir Chem. (Schweig- 
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dungen. (Oxalsaures Platin, und Platinsauren Natron.) Pt: 
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réactif de ce corps. (lIodic acid as a reagent for platinum.) Pt. 


J. chim. méd. [3], 1 (1845), 682. (Read before Soc. méd. d’en- 
courag. de Malthe, Feb. 20, 1845.) 


11. E. Correreau, rits. Note sur la valeur relative de ’amidon 

et du chlorure platinique employée comme réactifs de V’iode et des 

composés diode. Pt: 
J. chim. méd. [3], 1 (1845), 637; Pharm. Centrbl. 1846, 63. 


12. H. Kopp. Specifisches Volum und specifisches Gewicht- 
Tabellen. Pt, Pd, I Os Rin. 
J. prakt. Chem. 34 (1845), 5. 


13. L. Exsner. Ueber die Trennung des Goldes und Platins 
von Zinn und Arsenik. PE 


J. prakt. Chem. 35 (1845), 310; Polyt. J. (Dingler), 98 (1845), 128; 
Pharm. Centrbl. 1845, 895; Berg und Hiitten Ztg. 4 (1845), 1128. 


14. K.W.G. Kastner. Frei erhalten der Platin-Tiegel, -Bleche, 

-Loffel, -Spatel, und dergleichen vom Beitritt des Silic und des 

Eisens. (Protected in a Hessian crucible filled with calcium 

carbonate.) Pi: 
Arch. der Pharm. 94 (1845), 1; Pharm. Centrbl. 1845, 800. 


15. J. WeiIcrer. (Preparation of alloys containing platinum and 
palladium for dentists.) (Alloys of platinum, gold, silver, and 


palladium.) Pt, Pd. 
London Journ. of Arts, 26 (1845), 398; Polyt. J. (Dingler), 97 
(1845), 380. 


16. J. W. Dosrretner. Neué Beitrige zur Geschichte der 
chemischen Dynamik des Platins. (Platinum sponge.) Bt. 


Ann. der Phys. (Pogg.), 64 (1845), 94; Ann. Chem. (Liebig), 53 
(1845), 145; J. de Pharm. 7 (1845), 356; Amer. J. of Sci. [2], 1 
(1846), 110; Pharm. Centrbl. 1845, 350; Berzelius Jsb. 26 (1847), 
179. 


17. C. F. ScHonsery. On some chemical effects produced by 

platinum. (Platinum sponge on guaiacum, potassium iodid, 

potassium ferrocyanid.) Bt: 
Proc. Chem. Soc. London, 3 (1845), 17; Ann. der Phys. (Pogg.), 

67 (1846), 233; Phil. Mag. ‘29 (1846), 40. 

18. A.ScHrotrerR. Modifications apportées a certaines reactions 

chimiques par une trés-basse température. (Platinum sponge 

without effect on knallgas.) Pas 
C. R. 20 (1845), 193; Ann. der Phys. (Pogg.), 64 (1845), 471. 


84 


1845: 


1845: 


1845: 


1846: 


1846: 


1846: 


1846: 


1846: 


1846: 


1846: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 
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einigen bei der quantitativen Analyse als Bestimmungsformen, 

etc., dienenden Niederschligen. (Solubility of ammonium and 

potassium platinichlorid in alcohol.) Pt. 
Ann. Chem. (Liebig), 59 (1846), 117; Pharm. Centrbl. 1847, 36. 


14. L. Crosnier. Sur l’action réciproque de quelques sulfures. 
metalliques naturels, et des sels de platine. Pie 
C. R. 23 (1846), 217. 


15. R. Hare. Fusion of iridium and rhodium. Ir, Rh. 

Amer. J. of Sci. [2], 2 (1846), 365; Rev. scient. 9 (1846), 233; 
Pharm. Centrbl. 1847, 415; Berzelius Jsb. 28 (1849), 76. 

16. L. Etsner. Beobachtungen tiber das Verhalten regulini- 


scher Metalle in einer wissrigen Loésung von Cyankalium. (Plati- 
num not soluble when used as anode.) Pts 


J. prakt. Chem. 37 (1846), 441; Polyt. J. (Dingler), 101 (1846), 117; 
Pharm. Centrbl. 1846, 652; Berzelius Jsb. 27 (1848), 8. 
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1%. L. Puayratr and J. P. Joutz. Researches on atomic vol- 
umes and specific gravity. (Pt, Pd, Rh, Os, Ir, pp. 62, 63; Pt 
sponge, 69; Pt, 72; PtS, PdS, 89; allotropic conditions of Ir, Os, 
O77. Puedes) Pi Pd -khlrs@s: 
Proc. Chem. Soe. London, 3 (1846), 57; Phil. Mag. 27 (1845), 474. 


18. ToNNELIER. Einfaches Verfahren, chemische Gefiasse von 

Gyps zu reinigen. (Boiling with solution of potassium carbon- 

ate.) Pie 
Pharm. Centrbl. 1846, 271. 


19. M. Farapay. Magnetism and diamagnetism of metals. 
Pt, Pd; Rh, Tr, Os: 
Phil. Trans. London, 136 (1846), 47; Ann. der Phys. (Pogg.), 70 
(1847), 35; Bibl. Univ. Arch. 2 (1846), 145. 


20. OC. F. Scuonsery. On the influence exerted by electricity, 
platinum, and silver upon the luminosity of phosphorus. Pt. 
Proc. Chem. Soe. Lond. 3 (1846), 104; Ann. der Phys. (Pogg.), 68 
(1846), 37; Phil. Mag. [3], 29 (1846), 122. 
21. E. Brecqureret. Recherches sur la conductibilité électrique 
des corps solides et liquids. (Conductivity of platinum and palla- 
dium.) Pt ba 
C. R. 22 (1846), 416; Ann. chim. phys. [3], 17 (1846), 242; Ann. 


der Phys. (Pogg.), 70 (1847), 243; Amer. J. Sci. 8 (1849), 185; 
Isb. Chem. 1847-48, 289. 


22. W. R. Grove. On certain phenomena of voltaic ignition, 

and the decomposition of water into its constituent gases by heat. 

(Decomposition by platinum and osmiridium.) Bakerian Lecture. 

Pt,Os; ie 

Phil. Trans. London, 137 (1847), 1, 17; Proc. Roy. Soc. London, 3 

(1851), 657; Phil. Mag. [3], 31 (1847), 20, 91, 96; Ann. chim. 

phys. 21 (1847), 129; Bibl. Univ. Arch. 5 (1847), 18, 112; J. prakt. 

Chem. 43 (1848), 309; J. de Pharm. 12 (1847), 154; 14 (1848), 29; 

Ann. Chem. (Liebig), 63 (1847), 1; Ann. der Phys. (Pogg.), 71 
(1847), 194; Pharm. Centrbl. 1847, 632. 


1. Maximinian Herzog von LEUCHTENBERG. Weitere Unter- 
suchungen des schwarzen Niederschlages, welcher sich an der 
Anode bei der Zersetzung des Kupfervitriols durch den galvan- 
ischen Strom bildet. (Platinum in copper ores.) Pi 


Bull. Acad. Sci. St. Pétersb. 6 (1848), 129; J. prakt. Chem. 41 
(1847), 222; Polyt. J. (Dingler), 106 (1847), 35; Jsb. Chem. 1847- 
48, 1022; Berzelius Jsb. 28 (1849), 85. 


: 2. Motnar. (Platinum in sand from Ohlapian, Hungary.) Pt. 


Haidinger Ber. 3 (1847), 412, 475; Jsb. Chem. 1847-48, 1152. 
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1847: 3. Koprrzxky and A. Patrra. (Platinum not in Ohldpian sand.) 
Haidinger Ber. 3 (1847), 439; Jsb. Chem. 1847-48, 1152. 5 eb 


1847: 4. C.U.SHEparp. Native platinum in North Carolina. (Ruth- 
erford Co.) (Mistake, see 1892: 1.) Pte 
Amer. J. Sci. [2], 4 (1847), 280; Ann. der Phys. (Pogg.), 74 (1848), 


320; J. prakt. Chem. 45 (1848), 454; Pharm. Centrbl. 1848, 511; 
Jsb. 1847-48, 1152; Berg und Hiitten Ztg. 8 (1849), 79. 


1847: 44. Quintus IciLius. Die Atomgewichte vom Palladium, 
Kalium, Chlor, Silber, Kohlenstoff, und Wasserstoff, nach der 
Methode der kleinsten Quadrate berechnet. Inaug. Diss. Got- 
tingen, 1847. (Pd = 111.879.) Pd. 


1847: 5. M. Prerrenxorer. Ueber die Affinirung des Goldes und 
itiber die grosse Verbreitung des Platins. PC. 
Gelehrte Anz. Miinchen, 24 (1847), 589; Bull. Akad. Sci. Miinchen, 

1847, 101; Polyt. J. (Dingler), 104 (1847), 118, 198; Ann. Chem. 


(Liebig), 64 (1847), 294; Repert. der Pharm. 1847, 72; Pharm. 
Centrbl. 1847, 766; Berzelius Jsb. 28 (1849), 85. 


1847: 6. H. Hess. Note sur le traitement du mineral de platine. 


(Fusion with zinc.) Pt, Pd. Rh wir Os hur 
Bull. Acad. Sci. St. Pétersb. 6 (1848), 80; Ann. Chem. (Liebig), 64 
(1847), 267; Ann. des Mines [4], 15 (1849), 149; 19 (1851), 415; 
l'Institut, 17 (1849), 144; J. prakt. Chem. 40 (1847), 498; Polyt. 
J. (Dingler), 104 (1847), 468; J. Frank. Inst. [3], 15 (1848), 388; 

Jsb. Chem. 1847-48, 453; Civ. Eng. and Arch. Journ. 
Chem. tech. Mitth. (Elsner), 1 (1846-48), 48; Berzelius Jsb. 28 


(1849), 85. 
1847: 7. C.Craus. Beitrige zur Chemie der Platinmetalle. (Iridium 
’ chlorid, and sulfites, p. 273; osmium sulfites, 278; platinum sul- 
fites, 287; ruthenium sulfites, 288.) Pt, Paeith, Ir: Os; Rh; 


Bull. Acad. Sci. St. Pétersb. 6 (1848), 273; Ann. Chem. (Liebig), 
63 (1847), 337; J. prakt. Chem. 42 (1847), 348; J. de Pharm. [3], 
14 (1848), 385; Pharm. Centrbl. 1847, 849, 867; Jsb. Chem. 1847-48, 
453, 457, 458, 461; l’Institut, 17 (1849), 143, 244; Ann. des Mines 
[4], 19 (1851), 415; Phil. Mag. [3], 35 (1849), 396; Amer. J. Sci. 
[2], 9 (1850), 422; Berzelius Jsb. 28 (1849), 76. 
1847: 8. C. Cuaus.  [Iridiumchlorid. | Ir. 
Berzelius Jsb. 26 (1847), 262. 


1847: 9. OC. Craus. [Verhalten des Iridiums gegen schmelzendes Kali 
und Salpeter. | Ir: 
Berzelius Jsb. 26 (1847), 184. 


1847: 10. C. Cuaus (J. J. Berzexius). [Vorkommen des Ruthen- 
iums, Methode auszuziehen, und Beschreibung der Salze.| (This 


88 


1847: 


1847: 


1847: 


1847: 


1847: 


1847: 


1847: 


1847: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 


contains Berzelius’ criticism of Claus’ discovery that the 

3KKCl, IrCl, of Berzelius is really 2KCl, RuCl,—in reality it is 

2KCI, RuCl,NO, see 1889: 9 and 1894: 11.) Ru; dae 
Berzelius Jsb. 26 (1847), 181. 


11. N. W. Fiscuer. Zur Geschichte des Palladiums. (Verhalt. 
zu Sdiuren, Pogg. 71 :432; zu Alkalien, 437; Doppelsalze, 440.) 
Pdg 


Uebers. Schles. Gesell. Breslau, 1847, 30; Ann. der Phys. (Pogg.),, 
71 (1847), 431; Ann. Chem. (Liebig:), 64 (1847), 260; Pharm. 
Centrbl. 1847, 554; Jsb. Chem. 1847-48, 457; Berzelius Jsb. 28. 
(1849), 86. 


12. C. Craus. [Platin Ammoniak: Neue Basis aus eineny 


Atome Platinoxyd und zwei Aequivalente Ammoniak. | Pte 
Berzelius Jsb. 26 (1847), 180. 


13. M. Pryrone. Richerche comparative sopra alecuni isomeri 
del sal verde di Magnus. Pt 


Mem. Acad. Torino. 10 (1849), 171; Ann. Chem. (Liebig), 61 (1847), 
178; Pharm. Centrbl. 1847, 411; Jsb. Chem). 1847-48, 454; Berzelius. 
Jsb. 28 (1849), 154. 


14. B. Quaprat. Ueber Verbindungen des Platincyaniirs mit 
Cyanmetallen und tiber die Platinblausiure. Pia 
Abhandl. Bohm. Gesel. [5], 5 (1847), 16; Sitzber. Akad. Wien. 
3 (1849), 10; Ann. Chem. (Liebig), 63 (1847), 164; 65 (1848), 249; 
70 (1849), 300; J. de Pharm. [3], 12 (1847), 457; Pharm. Centrbl. 
1848, 97; 1849, 657; Jsb. Chem. 1847-48, 482; 1849, 301; Berzelius 
Jsb. 28 (1849), 147. 
15. C. Rammenssere. Ueber ein neues Kaliumkupfercyanur. 
(Mercury platinocyanid.) eos 
Ann. der Phys. (Pogg.), 73 (1848), 117; J. prakt. Chem. 41 (1847), 
184; Ber. Acad. Berlin, 1847, 115; Jsb. Chem. 1847-48, 484. 
16. A. Laurent. Sur les polycyanures. (Important article on 
theory of double cyanids.) Pie 
C. R. 26 (1848), 295; J. prakt. Chem. 42 (1847), 128; Pharm. 
Centrbl. 1848, 423; Jsb. Chem. 1847-48, 484. 
17. W. Harpincrer. Ueber das Schillern der Krystallflichen-. 
(Platinocyanids of magnesium, barium, and potassium, and plati- 


num oxalate.) Pi 


Haidinger, Ber. 2 (1847), 98; Haidinger Abhandl. 1 (1847), 143; 
Ann. der Phys. (Pogg.), 70 (1847), 574; 71 (1847), 321; Jsbz 
Chem. 1847-48, 195. 

18. W. Harpineer. Platinverbindungen mit  schillernden 
Flaichen. (Cyanids and oxalate.) PG 
Haidinger, Ber. 2 (1847), 198, 263. 
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1847: 19. W. Hirrorr. Ueber die Bildung einer blauen Oxydations- 
stufe des Platins . . . . auf galvanischem Wege. Pt. 


Ann. der Phys. (Pogg.), 72 (1847), 481; Ann. Chem. (Liebig), 64, 
(1847), 268; J. prakt. Chem. 42 (1847), 469; Pharm. Centrbl. 1848, 
23; Jsb. Chem. 1847-48, 453; Berzelius Jsb. 28 (1849), 84. 


1847: 20. LL. Kusster. Note sur l’emploi de l’acétate ferreux comme 
moyen de séparation de l’argent. (Precipitation of platinum by 
iron sulfate with acetic acid.) Bt. 

J. de Pharm. [3], 11 (1847), 86; Palomba, Raccolta, 3 (1847), 379; 
Pharm. Centrbl. 1847, 413. 

1847: 21. R. Hare. On certain improvements in the construction and 
supply of the hydro-oxygen blowpipe, by which rhodium, iridium, 
or the osmiuret of iridium, also platinum in the large way, have 
been fused. Pf, Ir; Rh, Os. 

J. Frank. Inst. [3], 13 (1847), 196; Amer. J. Sci. [2], 4 (1847), 37; 
Phil. Mag. [3], 31 (1847), 147, 356; Polyt. J. (Dingler), 108 (1848), 
270. 

1847: 22. R. Hare. Apparatus for the fusion of iridium or rhodium, 

or masses of platinum less than five ounces in weight. Pt, Ir, Rh. 
J. Frank. Inst. [3], 14 [1847], 128. 


1847: 23. H. H[xss]. Schmelzbarkeit des Iridiums, des Osmiridiums 
und des Rhodiums. Pt. Os: Rb: 
Berg und Hitten Ztg. 6 (1847), 107. 


1847: 24. F. Lupersporrr. (Platinum on porcelain.) Pr 


Verh. Gew. Bef. Preus. 1847, ii, 67; Polyt. J. (Dingler), 105 (1847), 
36; Jsb. Chem. 1847-48, 1067; Chem. tech. Mitth. (Elsner), 1 
(1846-48), 18. 


1847: 25. Mention and Wacner. Platin als Legirung zu Schmuck- 
sachen, ete. Pt. 
Brevets d’Invention, 1847, 425; Polyt. Centrbl. 1848, Mar. 1; Polyt. 

J. (Dingler), 108 (1848), 396. 

1847: 26. G.Witson. On the decomposition of water by platinum and 
the black oxide of manganese at a white heat, with some observa- 
tions on the theory of Mr. Grove’s experiments. Pt: 

Proe. Chem. Soe. Lond. 3 (1847), 332; Trans. Scot. Soc. Arts, 3 
(1851), 170; Edinb. N. Phil. J. 43 (1847), 244; Chem. Gaz. 5 (1847), 
198; Phil. Mag. 31 (1847), 177. 

1847: 27. J. Lamont. Reduction der Schwingungen eines Magnets 
auf den luftleeren Raum. (Polaritat des Palladiums und Plat- 
inums.) Pea 

Ann. der Phys. (Pogg.), 71 (1847), 128. 
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1848: 1. E. Gurymarp. Mémoire historique sur la découverte du 


1848: 


1848: 


1848: 


1848: 


1848: 


1848: 


1848: 


1848: 


1848: 


platine dans les Alpes. Pt. 


Moniteur Indust. 1848, Sept. 14; J. prakt. Chem. 45 (1848), 454; 
C. R. 29 (1849), 814; Ann. des Mines [4], 14 (1848), 331; 16 (1849), 
495; Ann. der Phys. (Pogg.), 79 (1850), 480; Amer. J. Sci. [2], 7 
(1849), 137; Phil. Mag. [3], 36 (1850), 323; Jsb. Chem. 1849, 726; 
Polyt. J. (Dingler), 115 (1850), 395; Berg und Hiitten Ztg. 9 
(1850), 479. 


2. A.Fasrr. Producte Ostindiens.+ (Platinum in Burmah.) Pt. 
Pharm. Centrbl. 1848, 569. 


3. M. PErrENKOFER. Ueber die grosse Verbreitung des Platins 
und sein Vorkommen in allen giildischen Silbermiinzen. Pts 


Bull. Akad. Miinchen, 1848, 142; Ann. der Phys. (Pogg.), 74 (1848), 
316; Rep. ftir Pharm. (Buchner) [2], 47 (1847), 72; Revue scien- 
tifique, 5 (1849), 231; Jsb. Chem. 1847-48, 453. 


4. C. F. Puarrner. Untersuchung des Riickstandes von der 
Freiberger Silbererz-Amalgamation auf einen Gehalt an Gold und 


Platin. Pig 
Berg und Hiitten Ztg. 7 (1848), 628. 


5. N. W. Fiscuer. Ueber die salpetrichsauren Salze. (Sal- 
petrichsaures Palladiumoxydkalli.) de 
Uebers. Schles. Gesel. Breslau, 1848, 31; Ann. der Phys. (Poge. ye 
74 (1848), 123; J. prakt. Chem. 46 (1849), 318; Pharm. Centrbl. 

1848, 401. 


6. Rarwsky. Mémoire sur les combinaisons du platine avec la 
nicotine. Pu 
C. R. 27 (1848), 609; Ann. chim. phys. [3], 25 (1849), 332; J. prakt. 
Chem. 46 (1849), 470; Ann. Chem. (Liebig), 70 (1849), 232; 
Pharm. Centrbl. 1849, 329. 


7. Ragrwsky. Recherches sur les sels anilicoplatiniques. Pt. 
C. R. 26 (1848), 424; Pharm. Centrbl. 1848, 400; Jsb. Chem. 1847-48, 
655. 


8. J. Buyru. On the composition of coniine, and its products of 
decomposition. (Action of platinum chlorid.) Pig 
Q. J. Chem. Soe. 1 (1848), 345; Ann. Chem. (Liebig’), 70 (1849), 73. 


9. I. M. Baumert. Analyse des Platincyanmagnesiumsalz des 


Quadrat’s. Pts 
Ann. Chem. (Liebig), 65 (1848), 250, foot-note; Jsb. Chem. 1847-48, 
484, 


10. Lions and Mituwarp. Alloy of copper with platinum and 

palladium. Pt, Pde 

Repert. Patent Invent. Feb. 1848, 114; Polyt. J. (Dingler), 108 
(1848), 398. 
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11. G. Osann. Ueber die Bestimmung specifischer Gewichte 
fester Korper. (Specific gravity of platinum.) Pt. 


Ann. der Phys. 73 (1848), 605; Pharm. Centrbl. 1848, 330; Jsb. 
Chem. 1847-48, 38. 


12. G. Rosz. Nachtragliche Bemerkungen iiber das specifische 
Gewicht des pulverformigen Platins. Pt. 


Ann. der Phys. (Pogg.), 73 (1848), 13; 75 (1848), 403; Ann. Chem. 
(Liebig), 68 (1848), 159; Pharm. Centrbl. 1848, 91; Jsb. Chem. 
1847-48, 37. 

1. J.J. Esretmen. Rapport sur l’existence du platine dans cer- 
tains minerais du département de l’Isére. . Pt 


Ann. des Mines [4], 16 (1849), 505. 


a Platinum im Calatornia- Pi 
Amer. J. Sci. [2], 8 (1849), 294; Edinb. N. Phil. J. 48 (1850), 185. 


3. ——————._ Sur la production des mines d’or et de platine’ 
de l’Oural en 1849. Piz irvOs: 


Ann. des Mines [4], 16 (1849), 531. 


4, P. JEwREINOW. Ueber ein schwarzes Salz, das man bei Aus- 
scheidung des Iridiums aus Platinriickstinden erhalt. (Potas- 
sium iridium chlorid.) iit: 


Berg Journal (St. Pétersburg), 1849, Th. 1, Heft 3; Berg und 
Hiitten Ztg. 12 (1853), 193. 


5. A. Scurorrer. Ueber die auf directem Wege darstellbaren 

Verbindungen des Phosphors mit den Metallen. (Union of phos- 

phorus with platinum and palladium.) Pty Pd) aie 
Sitzber. Acad. Wien. 2 (1849), 301. 


6. A. LAuRENT and C. GeRHARDT. De l’action de ’ammoniaque 
sur le chloroplatinate d’ammoniaque. (Theory of platinum bases 
and double cyanids.) Pt. 
Laurent et Gernhardt, C. R. 1849, 113; 1850, 145; Ann. Chem. (Lie- 
big), 73 (1850), 223; J. prakt. Chem. 46 (1849), 511; Chem. 
Centrbl. 1850, 437, 471; Jsb. Chem. 1849, 289; 1850, 360. 


%. W. Harpincer. Ueber die Formen und einige optische 
Eigenschaften der Magnesium-Platin-Cyaniire. Bt 
Sitzber. Acad. Wien. 1849, 20; Ann. der Phys. (Pogg.), 77 (1849), 

89; Jsb. Chem. 1849, 122. 


8. FEF. Bravewy. De acidi osmici in homines et animalia effectu. 
Casani, 1849. Os. 
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1849: 9. M. Prerrenxorer. Ueber die Bestandtheile der Schlacken, 


CO 
Or 


welche beim Schmelzen des Scheidegoldes mit Salpeter gebildet. 
werden, und iiber deren Benutzung. Pt, Pds@r 


Polyt. J. (Dingler), 111 (1849), 357; Jsb. Chem. 1849, 635; Polyt. 
Centrbl. (1849), 926, 933. 


: 10. G. Rost. Ueber die Krystallform der rhomboédrischen Me- 
talle, namentlich des Wismuths. (Auch Palladiums, Iridiums. 
und Osmiums.) Pd, Tes. 


Abhandl. Acad. Berlin (Phys.), 1849, 72; Ber. Acad. Berlin, 1849, 
137; Ann. Chem. (Liebig),76 (1850), 245; Ann. der Phys. (Pogg.), 
77 (1849), 149; J. prakt. Chem. 49 (1850), 163; Jbuch Min. 1849, 
566; l’Institut, 1849, 342; Pharm. Centrbl. 1849, 489; Jsb. Chem. 
1849, 13. 


: 11. A. Satverat. Note sur un nouvel emploi du platine dans 


la peinture sur porcelaine. Pt. 
Ann. chim. phys. [8], 25 (1849), 342; Ann. Chem. (Liebig), 72 
(1849), 263; Ann. des Mines [4], 19 (1851), 414; J. prakt. Chem. 
47 (1849), 232; Pharm. Centrbl. 1849, 260; Polyt. J. (Dingler), 

112 (1849), 45; Jsb. Chem. 1849, 652. 
: 12. J. Frenp. On the chemical combinations induced in gaseous 
mixtures by contact with certain metals, with especial reference to: 
the action of spongy platinum on mixtures of oxygen and hydro- 


gen. (Cause.) Piz 
Pharm. Journ. and Trans. 8 (1849), 381; Pharm. Centrbl. 1849, 
381. : ‘ 


: 18. C. Desprerz. Sur la fusion et la volatilization des corps 
réfractaires. Note sur quelques expériences faites avec le triple 
concour de la pile voltaique, du soleil, et du chalumeau. Pt, Pd. 
C. R. 29 (1849), 545; Ann. des Mines [4], 19 (1851), 333; l'Institut, 
811, 226; 829, 368; Chem. Centrbl. 1850, 22. 
: 1. C. pe Paravey. Sur quelques passages de Pline l’Ancien qui 
semblent pouvoir se rapporter au platine (livre 33:3 et 34:16). 
C. R. 31 (1850), 179. Pi 


: 2. W. Mauuet. On the minerals of the auriferous districts of 
Wicklow. Pie 


Journ. Geol. Soc. Dublin, 4 (1850), 269; Amer. J. Sci. [3], 11 
(1851), 232; Phil. Mag. [3], 37 (1850), 393; Jsb. Chem. 1850, 699. 


9 


: od. R. M. Patrerson. Ueber die Beschaffenheit und das Vor- 
kommen des Goldes, Platins und der Diamanten in den Vereinig- 
ten Staaten. Pt, Tr OR 


Ztsch. Deutsch. Geol. Gesell. 2 (1850), 60; Jahrbuch Min. 1851, 
351; Jsb. Chem. 1850, 698; Berg und Hiitten Ztg. 9 (1850), 609. 
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4. J. E. TescHeEMAcHER. Platinum of California. PG 
Amer. J. Sci. [2], 10 (1850), 121; Edinb. N. Phil. J. 51 (1851), 193; 
Chem. Centrbl. 1851, 640; Jsb. Chem. 1850, 699. 
5. T. THomson. Biographical account of Dr. Wollaston. (Ac- 
count of his discoveries.) PiPdy. Rh. 
Proc. Phil. Soc’y, Glasgow, 3 (1850), 129. 


6. E. Fremy. Recherches chimique sur lor. (Note on making 
platinates, Ann. chim. phys. 31 : 482.) Pt. 
C. R. 31 (1850), 893; Ann. chim. phys. [3], 31 (1851), 478; Ann. 


Chem. (liebig), 79 (1851), 43; J. prakt. Chem. 52 (1851), 159; 
J. de Pharm. 19 (1851), 84. 


7. C. A. Wurtz. Mémoire sur une série d’alcaloides homologues 
avec l’ammoniaque. (Platino- and platinichlorids of methyl-, 
ethyl-, and amyl-amin.) Pi. 
Ann. chim. phys. [3], 30 (1850), 443; J. prakt. Chem. 52 (1851), 

193; Chem. Centrbl. 1851, 166, 177; Jsb. Chem. 1850, 335, 443. 
8. C.GrruaARDT. Recherches sur les combinaisons ammoniacales 
du platine. PE 


Gerhardt et Laurent, C. R. 1850, 273; C. R. 31 (1850), 241; Ann. 
Chem. (Liebig), 76 (1850), 307; Ann. des Mines [4], 19 (1851), 
414; J. prakt. Chem. 51 (1850), 351; 53 (1851), 345; Chem. Centrbl. 
1851, 97. 


: 9. J. Scnasus. Ueber die Krystallformen des Barium-Platin- 


Cyaniirs. Pt. 
Sitzber. Acad. Wien, 4 (1850), 569; Jsb. Chem. 1850, 360. 


: 10. A. Reynoso. De Vaction des bases sur les sels, et en parti- 


culier sur les arsénites. (Reduction of palladium salts by silver 

arsenite.) Pd. 

C. R. 31 (1850) 68; Ann. chim. phys. [3], 33 (1851), 245; J. prakt. 
Chem. 51 (1850), 160; 54 (1851), 309. 


: 11. A. Masson. Etudes de photométrie électrique. (Spectre 


du platine incandescent.) Pt. 
C. R. 31 (1850), 887; 32 (1851), 127; Ann. chim. phys. [3], 31 (1851), 
323. 


12. J. P. Joute. On some amalgams. (Platinum amalgam, 
eh bao.) Bt: 


Rept. Brit. Assoc. 1850, ii, 55; Chem. Gaz. 1850, 339; l’Institut, 1850, 
327; Jsb. Chem. 1850, 333. 


: 18. A. Bauprimont. -Expériences sur la ténacité des métaux 


malléables. (Tenacity of palladium and platinum.) Pde Pt. 


Ann. chim. phys. [3], 30 (1850), 304; C. R. 31 (1850), 115; Ann. 
Chem. (Liebig), 76 (1850), 123; Ann. der Phys. (Pogg.), 82 
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(1851), 156; l'Institut, 18 (1850), 241; J. de Pharm. 19 (1851), 206; 
Phil. Mag. [3], 37 (1850), 308; Jsb. Chem. 1850, 78. 
14. CC. Bromets. Ueber das Plattiren mit Platinum. Pte 
Polyt. J. (Dingler), 116 (1850), 283; Jsb. Chem. 1850, 631. 


15. A. WaGner. Ersatzmittel des Schwammplatin bei Wein- 
geistglihlampen. (Chromate of copper.) Pe 


Polyt. Centrbl. 16 (1850), Nr. 1; Polyt. J. (Dingler), 115 (1850), 
159; Chem. Centrbl. 1850, 157. 


: 16. D. Brewster. On the optical properties of the cyanurets of 


platinum and magnesia, and of barytes and platinum. Pig 
Rept. Brit. Assoc. 1850, ii, 5. 


: 1. T. 8. Hunt.” [Platinum and iridosmine in Canada. |] 


Pt, das (gs 

Report Geol. Surv. Canada, 1851-52,.120; Amer. J. Sci. [2], 15 
(1853), 448; Ann. des Mines [5], 3 (1853), 683. 

2. F. A. Gentuo. Nord-Amerikanische Mineralien. (Platinum 

from Lancaster Co., Pa.) Pe 


Nord-Amer. Monatsber. 2 (1851), June; J. prakt. Chem. 55 (1852), 
254; Chem. Centrbl. 1851, 417; Berg u. Hutten Ztg. 11 (1852), 328. 


3. G. A. Kennoeort. . Irite. Tr, Os. 
Amer. J. Sei. [2], 11 (1851), 232; from Mineral. Untersuchungen, 
leo 


4, J.J. Esrtman. Sur la cristallisation par la voie séche. (Arti- 


ficial octahedral crystals of platinum.) Pt. 
C. R. 32 (1851), 710; Ann. Chem. (Liebig)), 80 (1851), 212. 


5. F.Ciauper. Ona class of ammoniacal compounds of cobalt. 
(Platinum salts of cobaltamins.) Pts 
Phil. Mag. [4], 2 (1851), 253; Ann. chim. phys. [3], 33 (1851), 483; 
J. prakt. Chem. 54 (1851), 270; Chem. Centrbl. 1851, 865; J. Chem. 

Soe. 4 (1851), 355. 


: 6. H. H. Lanpour. Ueber das Stibmethyl und seine Verbind- 


ungen. (Double chlorid of platinum and tetramethylstibonium.) 
Pus 


Mitth. nat. forsch. Gesell. Zurich, 2 (1850-52), 349, 524; Ann. chim. 
phys. 34 (1852), 226; 37 (1853), 60; Ann. Chem. (Liebig), 78 
(1851), 91; 84 (1852), 44; J. prakt. Chem. 52 (1851), 385; 57 (1852), 
129; J. de Pharm. 20 (1851), 65; Chem. Centrbl. 1852, 625. 


7. A. W. Hormann. Researches into the molecular constitution 


of the organic bases. II. (Platinum bases, p. 397.) Pt. 


Phil. Trans. London, 141 (1851), 357; Ann. chim. phys. [3], 33 
(1851), 108; Ann. Chem. (Liebig), 78 (1851), 253; 79, 11; C. R. 
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33 (1851),. 95; l’Institut, 19 (1851), 189; J. de Pharm. [3], 20 
(1851), 220; J. prakt. Chem. 53 (1851), 390; Laurent et Gerhardt, 
C. R. 1851, 189; Q. J. Chem. Soc. 4 (1852), 304; Chem. Centrbl. 
1851, 772, 787; Jsb. Chem. 1851, 496. 


: 8. G. B. Buckron. Observations upon the deportment of dipla- 
tosamine with cyanogen. PE: 


Q. J. Chem. Soe. 4 (1851), 26; Ann. Chem. (Liebig), 78 (1851), 328; 
J. de Pharm. 19 (1851), 393; J. prakt. Chem. 53 (1851), 174; 
Laurent et Gerhardt, C. R. 1851, 91; Chem. Centrbl. 1851, 696; 
Jsb. Chem. 1851, 370; Ann. chim. phys. (1851), 393. 


: 9. J.L. Lassatene. Observations sur le degré de sensibilité des 

divers réactifs par liode, et ses divers composés. (Use of palla- 

dium salts.) Ede 
J. chim. méd. [3], 7 (1851), 142; J. de Pharm. 19 (1851), 428. 


: 10. A. Burnterow. Ueber die oxydirende Wirkung der Osmium- 
siure auf organische Korper. Os. 


Bull. Acad. Sci. St. Pétersb. 10 (1852), 177; Ann. Chem. (Liebig), 
84 (1852), 278; J. prakt. Chem. 56 (1852), 271; l'Institut, 20 
(1852), 249; Jsb. Chem. 1852, 429; Mélanges phys. chim. Acad. 
St. Pétersb. 1 (1851), 355. 


: 11. M. G. von Pavcxer. Das astronomische Langenmaas. 
(Ausdehnung des Platins.) Pt. 
Bul. Acad. Sei. St. Pétersb. 10 (1852), 209; Jsb. Chem. 1852, 2. 


: 12. A. Bauprimont. Expériences sur lélasticité des corps 

hétérophones. Pie 
Ann. chim. phys. [3], 32 (1851), 288; Jour. fiir Physik. 2 (1851), 

533; Jsb. Chem, 1851, 82. 

: 13. A. C. BecquEREL. Mémoire sur les effets électriques pro- 

duits dans les tubercules, les racines et les fruits, lors de Vintro- 

duction d’aiguilles galvanométriques en platine. PE 
C. R. 32 (1851), 657; Mém. l'Institut, 23 (1853), 301. 


: 1. E. Gueymarp. Recherches analytiques du platine dans les 
Alpes. Pe. 
Ann. des Mines [5], 1 (1852), 345; 5 (1854), 165; C. R. 38 (1854), 
941; 40 (1855), 1274; Arch. des sci. phys. nat. 27 (1854), 77; Bul. 
Géol. Soe. Paris, 12 (1854-55), 429; Jsb. Chem. 1852, 831; 1854, 
807; 1855, 905; l’Institut, 23 (1855), 212; Chem. Centrbl. 1855, 543; 

Berg u. Hiitten Ztg. 12 (1853), 752. 


: 2. F. A. Genro. On some minerals which accompany gold in 


California. (Platinum and osmiridium.) Pt, tr,.Os. 


Proc. Acad.-Nat. Sci. Phila. 6 (1852), 113; Nord-Amer. Monatsber. 
2 (1852), 205, 249; Ann. des Mines [5], 4 (1853), 130; Amer. J. 
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Sei. [2], 14 (1852), 277; Edinb. N. Phil. J. 54 (1853), 182; J. prakt. 
Chem. 58 (1853), 245; Chem. Centrbl. 1852, 72; Jsb. Chem. 1852, 
831; Berg u. Hiitten Ztg. 12 (1853), 751. 
3. F. A. GentH. On a probably new element with iridosmine 
and platinum from California. Pt, Ir, Os; Pd, Rhy Ru: 


Proc. Acad. Nat. Sci. Phila. 6 (1852), 209; Amer. J. Sci. [2], 15 
(1853), 446; Ann. des Mines [5], 3 (1853), 683; Chem. Gaz. 11 
(1853), 145; J. prakt. Chem. 59 (1853), 156; Chem. Centrbl. 1853, 
366; Jsb. Chem. 1853, 389, 775. 


4. C. Patmsrepr. Platina funnen vid sa kallad skedning af 
silfvermynt vid Kongl. Myntet i Miinchen. eb 
Ofvers. Vet. Akad. Forh. Stockholm, 9 (1852), 220. 


: 5. ————_.._ Bericht iiber die Gold- und Platina-Ausbeute in 


Russland, im Jahre 1851. Pte 

Russ. Berg. Journ. 1852, i, 149, 311, 457, 461, 463; Berg u. Huttten 
Zte. 12 (1853), 661. 

6. C. Karmropt and E. Unriavus. Ueber ein neues Iridium- 

salz. (Double chlorids of iridium and sodium and silver.) Im 


Ann. Chem. 81 (1852), 120; J. prakt. Chem. 56 (1852), 190; Chem. 
Centrbl. 1852, 262; Jsb. Chem. 1851, 372. 


: 7. SKOBLIKOFF. Recherches sur quelques combinaisons nouy- 


elles diridium. (Irid-ammonium compounds.) Tr: 


Bul. Acad. Sci. St. Pétersb. 11 (1853), 25; Ann. Chem. (Liebig), 
84 (1852), 275; Chem. Gaz. 11 (1853), 29; J. prakt. Chem. 58 
(1853), 31; Amer. J. Sci. [2], 16 (1853), 412; Chem. Centrbl. 1852, 
833; Jsb. Chem. 1852, 428; Mélanges phys. chim. Acad. St. 
Pétersb. 1 (1852), 400. 


8. G. B. Bucxron. Observations upon a new series of double 


chlorids containing diplatosammonium. Pi 


Q. J. Chem. Soe. 5 (1852), 218; Ann. Chem. (Liebig), 84 (1852), 
270; J. prakt. Chem. 57 (1852), 367; Chem. Centrbl. 1853, 218; 
Jsb. Chem. 1852, 425. 


9. 'T. ANDREWS. On the atomic weights of platinum and barium. 
(Pr 1988.) Pt 


Rept. Brit. Assoc. 1852, ii, 33; Chem. Gaz. 10 (1852), 379; Ann. 
Chem. (Liebig), 85 (1853), 255; ’Institut, 20 (1852), 346; J. prakt. 
Chem. 57 (1852), 377; Jsb. Chem. 1852, 425. 


10. W. Harpincrer. Ueber den Zusammenhang der Kérperfar- 
ben . .. und der Oberflichenfarben gewisser Korper.  (Plati- 
num cyanids and oxalate, palladium chlorid and iridium potassium 
chlorid.) Pt, Pd, ie 
Sitzber. Akad. Wien. 8 (1852), 97; Ann. chim. phys. [3], 42 (1854), 
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11. W.Kworv. Notiz tiber den Platinmohr und die Aethylqueck- 
silberverbindung von Sobrero und Selmi. (Platin ethyl com- 
pound.) Pi. 


J. prakt. Chem. 56 (1852), 312; Chem. Gaz. 10 (1852), 313; Chem. 
Centrbl. 1852, 431; Jsb. Chem. 1852, 603. 


12. H. Sr. Cuarre Devitte. Note sur la température produite 

par la combustion du charbon dans Yair. (Furnace for fusing 

platinum.) Pt. 

C. R. 35 (1852), .796; Polyt. J. (Dingler), 127 (1853), 114; Berg u. 
Hiitten Ztg. 12 (1853), 537. 

13. A. T. Kuprrer. (Elasticity of platinum.) Pt. 


Ann. obs-phys. centr. Russie (Kupffer), 1852, ii; Bul. Acad. Sci. 
St. Pétersb. 12 (1854), 129; Mélanges phys. chim. Acad. St. 
Pétersb. 1 (1853), 632; Jsb. Chem. 1853, 117. 


1. H. Mttuer. Ueber die Palladamine. Inaug. Diss. Gottin- 
gen, 1853. Pd: 
Ann. Chem. (Liebig), 86 (1853), 341; Ann. chim. phys. [3], 40 
(1854), 321; Amer. J. Sci. [2], 16 (1853), 410; Arch. sci. phys. nat. 
23 (1853), 291; J. prakt. Chem. 59 (1853), 29; Chem. Gaz. 11 
(1853), 241, 263; Chem. Centrbl. 1853, 241, 261; Jsb. Chem. 1853, 

382. 


: 2. A. BEcHamp. Faites pour servir 4 Vhistoire analytique du 


palladium et de argent. (Cyanid of palladium and silver.) Pd. 
J. de pharm. [3], 23 (1853), 413; J. prakt. Chem. 60 (1853), 64. 


3. R. Kerstine. Ueber Iodbestimmung. (By titration with 
palladous chlorid.) as 
Ann. Chem. (Liebig), 87 (1853), 19; Ann. chim. phys. [3], 41 
(1854), 493; Chem. Gaz. 12 (1854), 156; Chem. Centrbl. 1854, 65; 

Jsb. Chem. 1853, 647. 


4. J. Nicxiés. Recherches sur le polymorphisme. (Crystalliza- 
tion of palladium and iridium.) Pdeir 
Ann. chim. phys. [3], 39 (1853), 404 (Abstr. Thésis, Fac. des Se. 
Paris, July 25, 1853); J. de Pharm. [3], 24 (1853), 5. 
5. E.R. Scuneiwer. Bemerkungen iiber einige Aequivalentzah- 
len (des Rhodiums und des Osmiums). Rh, Os. 
Ann. der Phys. (Pogg.), 88 (1853), 314. 


6. P. A. Botiey. Die bekannte technisch gebrauchten Metall- 

legirungen in geordneter Zusammenstellung nach Qualitéat und 

Quantitit der Bestandtheile. (Platinum alloys.) Bi 

Polyt. J. (Dingler), 129 (1853), 438 (from Bolley’s “ Handbuch ”’); 
Chem. Centrbl. 1854, 786. 
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: 7% R. Borreer. Ueber das Verplatiniren glaserner und porzel- 
lanener Gefasse. Pt. 


Ber. Deutsch. Nat. Versamml. 1847, 364; Jahrsber. phys. Ver. 
Frankfurt a M. 1853-54; 1855-56, 24; Polyt. J. (Dingler), 136 
(1855), 464; Jsb. Chem. 1855, 851; 1857, 273. 


: 8. P. JEWREINOFF [= JEWREINOW]. (Platiniren von Hisen und 

Kupfer.) Pes 

La technologiste; Polyt. Centrbl. 19 (1853), 509; Chem. Centrbl. 

1853, 624; Jahrb. Phys. Ver. Frankfurt, 1853-54; Polyt. J. (Ding- 

ler), 136 (1855), 464; Polyt. Notizbl. (1853), 168; Chem. tech. 
Mitth. (Elsner), 4 (1852-54), 154; 12 (1862-63), 139. 


: 9. G. G. Sroxes. On the change of refrangibility of light. 
(Fluorescence of platinocyanids.) Pie 


Phil. Trans. London, 143 (1853), 395; Proe. Roy. Soe. London, 
1850-54, 333; Ann. der Phys. (Pogg.), 96 (1855), 541; Phil. Mag. 
[4], 10 (1855), 69, 95; Jsb. Chem. 1855, 132. 


: 10. G.G. Stoxrs. On the metallic reflection exhibited by cer- 
tain non-metallic substances. (Magnesium platinocyanid.) Pt. 
Phil. Mag. [4], 6 (1853), 398; Ann. der Phys. (Pogg.), 91 (1854), 

307; Ann. chim. phys. [3], 46 (1856), 504. 


: 11. G. Maenus. Ueber die Verdichtung der Gase an der Ober- 
fliche glatter Korper. (Condensation on platinum sponge.) Pt. 
Ber. Acad. Berlin, 1853, 378; Ann. der Phys. (Pogg.), 89 (1853), 

604; Ann. chim. phys. [3], 39 (1853), 344; Phil. Mag. [4], 6 (1853), 
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3: 12. G. WIEDEMANN and R. Franz. Ueber die Warmeleitungs- 


fahigkeit der Metalle. (Platinum and palladium, p. 513.) Pt, Pd. 

Ann. der Phys. (Pogg.), 89 (1853), 497; Ann. chim. phys. [3], 41 
(1854), 107; Arch. sci. phys. nat. 25 (1854), 338. 

: 1. W. P. Buaxe. On the gold and platinum of Cape Blanco. 

(Oregon.) PE 

Amer. J. Sci. [2], 18 (1854), 156; 20 (1855), 79; Jsb. Chem. 1854, 806. 


: 2. H. Dusors. De la présence de Viridium dans lor de Cali- 
fornia. lire 
Ann. des Mines [5], 6 (1854), 518; Amer. J. Sei. [2], 21 (1856), 205; 
Jsb. Chem. 1855, 847; Polyt. J. (Dingler), 141 (1856), 109; Bul. 
Soc. d’Encouragement, Jan. (1856), 31; Polyt. Centrbl. (1855), 

1183; Chem. tech. Mitth. (Elsner), 5 (1854-56), 118. 


: 38. —————.._ Jahresbericht tiber die Fortschritte des Miner- 
alogie im Jahre 1853. Pte 
Berg u. Hutten Ztg. 13 (1854), 334. 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 99 


1854: 4. ——————_.. Platin-Fund (in Siebengebirgen). Pt. 


Berg u. Hitten Ztg. 13 (1854), 232, from Casseler Ztg. 


1854: 5. E. Fremy. Nouvelles recherches sur les métaux qui accom- 
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pagnent le platine dans sa mine. (Decomposition of iridosmium 
by oxidation in current of air.) Pt Pd tr. Os) Rhy Ru. 


C. R. 38 (1854), 1008; J. prakt. Chem. 62 (1854), 340; J. de Pharm. 
[3], 26 (1854), 99; l'Institut, 22 (1854), 201; Chem. Centrbl. 1854, 
520; Chem. Gaz. 12 (1854), 241; Polyt. J. (Dingler), 133 (1854), 
270; Ztsch. anal. Chem. 5 (1866), 120; Jsb. Chem. 1854, 367; J. 
Chem. Soc. 7 (1854), 256; J. Frank. Inst. [3], 30 (1855), 412; 
Atheneum, Sept. (1855). 


6. CO. Craus. Beitrige zur Chemie der Platinmetalle, Dorpat, 
1854. (Full description of the chemistry of the platinum metals.) 

Jsb. Chem, 1855, 423, 444, 814, 905. Pt, Pd, tr, Osr ith, Rue 
7. C. Ciaus. Ueber die Platinbasen. Pi Pd hela 


Bul. Acad. Sci. St. Pétersb. 13 (1855), 97; J. prakt. Chem. 63 (1854), 
99; Chem. Centrbl. 1854, 789; Chem. Gaz. 12 (1854), 441; Jsb. 
Chem. 1854, 369; Mélanges phys. chim. Acad. St. Pétersb. 2 
(1854), 130. 


8. KE. Urtcorcnea. Iridium und seine Verbindungen. Inaug. 
Diss. Gottingen, 1854. (Phosphate, bromid, sulfate, chlorid.) Ir. 
Amer. J. Sci. [2], 18 (1854), 447. 


9. G. B. Bucxron. On the platino-tersulphocyanides and the 
platino-bisulphocyanides, two new series of salts, and their decom- 
positions. Pt: 


Q. J. Chem. Soe. 7 (1854), 22; J. prakt. Chem. 64 (1855), 65; Ann. 
Chem. (Liebig), 92 (1854), 280; Chem. Centrbl. 1854, 545; Jsb. 
Chem. 1854, 379. 


10. C. G. Wititams. On the presence of pyridine among the 
volatile bases in the naphtha from the bitumenous shale from 
Dorsetshire, and on the fractional crystallization of platinum salts. 

Phil. Mag. [4], 8 (1854), 209; J. prakt. Chem. 64 (1855), 54. - Pt. 


11. J. H. Guapstone. Notes on some substances which exhibit 
the phenomena of fluorescence. (Platinum chlorid with potas- 
sium iodid.) Pr 


Edinb. N. Phil. J. 1 (1855), 83; Chem. Gaz. 12 (1854), 420; J. prakt. 
Chem. 64 (1855), 438; Jsb. Chem. 1855, 133. 


12. ——————. Benutzung des Irid-osmiums zur Lésung des 
Zinnes. Os: Tox 


Arch. der Pharm. 80 (1854), 324; Chem. Centrbl. 1855, 56; Polyt. 
Notizbl. 9 (1854), 192; Polyt. Centrbl. 25 (1854), 1084. 
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13. H. How. Note on platinum accompanying silver in solution 
in nitric acid. Pe 


Q. J. Chem. Soc. 7 (1854), 48; Chem. Gaz. 12 (1854), 209; J. prakt. 
Chem. 63 (1854), 125; Chem. Centrbl. 1854, 592; Jsb. Chem. 1854, 
366. 


14. W.Lascu. Auflésung des Platins in Glasretorten (unzweck- 
miassig). PE 
J. prakt. Chem. 63 (1854), 344. ; 


15. J. Scuasus. Crystallogische Untersuchungen. (Mono-, bi-, 
and tetra-ethylammonium platinum chlorid, p. 43.) Wien, 1855. 
Sitzber. Acad. Wien, 15 (1855), 200; Jsb. Chem. 1854, 379. Pt 


16. Savarp. (Plating of copper with platinum.) Pt 
Pract. Mech. J. 6 (1854), 256; Polyt. J. (Dingler), 131 (1854), 413. 


17. A. T. Kuprrer. (Elasticity of torsion of platinum.) Pt 
C. R. Vobs. cent. Russie, 1854, 1; Jsb. Chem. 1855, 69. 


18. T. Granam. On osmotic force. Bakerian Lecture. (Cf. 
platinochlorid, Q. J. Chem. Soc., 8 : 59, 94.) Pi 
Phil. Trans. London, 144 (1854), 177; Q. J. Chem. Soc. 8 (1855), 43; 


Ann. chim. phys. [3], 45 (1855), 5; Arch. sci. phys. nat. 27 (1854), 
37. 


1. M. Bocxine. Platinerz aus Borneo. (Analysis.) 
Pt, Pd, Ir;Os: Rh. Rae 
Ann. Chem. (Liebig), 96 (1855), 243; J. prakt. Chem. 67 (1856), 207. 


2. J. W. Mauer. On the crystallization of platinum from 
fusion. PE 
Amer. J. Sci. [2], 20 (1855), 340; J. prakt. Chem. 67 (1856), 252; 


Chem. Centrbl. 1856, 47; Jsb. Chem. 1855, 420; Chem. Gaz. No. 
317; J. Frank. Inst. [3], 31 (1856), 139. 


3. KE. Fremy. Nouvelles recherches sur la mine de platine. 
(Composition, p. 386; preparation of osmium, 387; ruthenium, 
392; iridium, 394; rhodium, 395; salts of rhodium, 398.) 
Pt, Pd, Os, Ru, Ir, Re 
Ann. chim. phys. [3], 44 (1855), 385; Rept. Brit. Assoc. 1855, ii, 63; 
Jsb. Chem. 1855, 422. 


4, L.P.pDESatnt-Gitutes. Action de la chaleur sur hydrate et 

sur l’acétate ferriques. (Separation of iridium from platinum by 

sodium acetate.) Pte 
C. R. 40 (1855), 1243; J. prakt. Chem. 16 (1855), 144. 
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5. D’HENNIN. Procédé pour Vaffinage de Vor allié 4 Viridium 
dans les cendres iridiféres. Tr: 
C. R. 40 (1855), 1203; Bul. soc. d’encour. (1856), Jan.; Polyt. J. 
(Dingler), 141 (1856), 109; Chem. tech. Mitth. (Elsner), 5 (1854- 
56), 102. 
6. G@.Ciementr. Sulli joduri di platino. Pt. 
N. Cimento. 2 (1855), 192; Jsb. Chem. 1855, 420. 


7. R. Lowrie. Doppelverbindungen von Chlorstibithylium mit 
Platinchlorid. Pt. 
J. prakt. Chem. 64 (1855), 424 (from Inaug. Diss. Breslau). 
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other bases produced by destructive distillation of animal sub- 
stances.) Pt 


Trans. Roy. Soc. Edinb. 21 (1857), 219; Proc. Roy. Soc. Edinb. 3 
(1857), 309; Ann. chim. phys. [3], 45 (1855), 366; Ann. Chem. 
(Liebig), 96 (1855), 199; Phil. Mag. [4], 9 (1855), 145, 214; Chem. 
Centrbl. 1855, 259; 1856, 2; Jsb. Chem. 1855, 553; Rept. Brit. 
Assoe. 1854, ii, 64. 
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Ann. chim. phys. [3], 45 (1855), 369; Jsb. Chem. 1855, 555. 


10. M. Pryrone. Dell’ azione dell’ acido nitrico sopra il sal 


verde di Magnus. PE. 
Cimento 6 (1855), 872; N. Cimento 2 (1855), 387; Jsb. Chem. 1855, 
421. 


11. M. Peyrone. Dell’ azione dell’ acido nitrico sopra lisomero 
giallo del sal di Magnus. Pt: 
Cimento 6 (1855), 874; Jsb. Chem. 1855, 421. 


12. A. ScHararrk. Ueber die Cyanverbindungen des Platins. 
Phe 


Sitzber. Acad. Wien. 17 (1855), 57; J. prakt. Chem. 66 (1855), 385; 
Chem. Gaz. 13 (1855), 441; Chem. Centrbl. 1855, 721; Jsb. Chem. 
1855, 439. 


13. R. Borrcer. Ueber die Fluorescenz des Kaliumplatin- 
cyaniirs. (Fluorescence in solution.) Pt. 


Ann. der Phys. (Pogg.), 95 (1855), 176; 97 (1856), 333; Phil. Mag. 
[4], 10 (1855), 69; Jsb. Chem. 1855, 132. 


14. G. G. Stokes. On the alleged fluorescence of a solution of 
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Phil. Mag. [4], 10 (1855), 95. 
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: 16. H.H.Lanpors. (Plating metals with platinum in the cold.) 


Pte 


Cosmos, rev. enecyclop. Sept. (1856), 309; Polyt. J. (Dingler), 142° 
(1856), 157; J. Frank. Inst. [3], 32 (1856), 265; Soc. Encour. Nat. 
Indust. Paris (1855), Dec. 25. 
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55. 

1857: 11. Q. Senna. Sulla forme cristalline di alcuni sali di platino e 
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chim. pur. 1 (1859), 326; Proc. Amer. Assoc. 1858, 197; Jsb. Chem. 
1858, 214. 
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in niedere Chlorstufen. Te 
Ann. Chem. (Liebig), 107 (1858), 129; Ann. chim. phys. [3], 54 
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metals, alloys and salts (specific gravity and expansion of plati- 

num.) Pie 
Rep. Brit. Assoc. 28 (1858), 46; Jsb. Chem. 1859, 10. 
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Ann. der Phys. (Pogg.), 107 (1859), 189; J. prakt. Chem. 77 (1859), 
384; Rép. chim. pur. 1 (1859), 374; Jsb. Chem. 1859, 766. 
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Chem. News, 1 (1859), 36. 


3. WetIL. (Platinerze aus Californien.) Et: 


Génie. Indust. 17 (1859), 262; Polyt. J. (Dingler), 153 (1859), 41: 
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C. Cuaus. Neue Beitrage zur Chemie der Platinmetalle. 
Pt, Pd, Ir; Os; Hh, Ruz 
I. Ueber das Ruthenium verglichen mit dem ihm ahnlichen. 


Osmium. Bull. 1:97. 


II. A. Einiges Allgemeines iiber die Platinmetalle und einiges: 


besonders tiber das Ruthenium, 2 : 158. 
B. Ueber das Rhodium im Vergleich zum Iridium, 2: 171.. 


Tit. A. Ueber ammoniumhaltige Rutheniumbasen, 4 : 454. 


B. Ueber die Darstellung des Rutheniumsalzes und iiber: 


die verschiedenen Methode des Aufschliessens des. 


Osmium-Iridiums, 4 : 465. 


C. Ein Paar Worte iiber die Cyanverbindungen, nament-. 


lich das Osmiumeyankali, 4 : 482. 


IV. Ueber das Osmium, 6 : 145, 


(Original analysis of Ruthenium “ tetrachlorid,” 1 : 107.): 


Bull. Acad. Sci. St. Pétersb. 1 (1860), 97; 2 (1860), 158; 4 (1862),. 


453; 6 (1863), 145; Ann. chim. phys. [3], 59 (1860), 111; J. prakt. 
Chem. 79 (1860), 28; 80 (1860), 282; 85 (1861), 129; 90 (1863), 65;: 
J. de Pharm. 37 (1860), 391; Chem. Centrbl. 1859, 961; 1860, 674,. 
689; 1862, 121, 129; 1864, 497; Chem. News, 3 (1861), 194, 257; 4 
(1861), 310; 7 (1863), 115, 121; Rép. chim. pur. 2 (1860), 211; 3 
(1861), 121; 4 (1862), 450; Bul. soc. chim. [2], 3 (1865), 115; 
Amer. J. Sci. [2], 29 (1860), 425; 34 (1862), 183, 213; Ztsch. Chem. 


5 (1862), 117; J. anal. Chem. 1 (1862), 366; 5 (1866), 117; Jsb.. 
Chem. 1859, 247; 1860, 204, 742; 1861, 320; 1863, 295; Mélanges. 


phys. chim. Acad. St. Pétersb. 4 (1860), 1, 294; 5 (1861), 87; 5 
(1863), 439. 


H. SAINTE-CLAIRE DEVILLE and H. Despray. Du platine et. 
des métaux qui l’accompagnent. (Properties, general, p. 3885, 


osmium, 392; ruthenium, 405; palladium, 413; alloys, 414; rho- 
dium, 415; platinum, 419; iridium, 431; alloys, 433; iridosmium, 


437; analysis, 439; assay, 453; cupellation, 457; assay of residues, , 
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463; assay of iridosmium, 470; metallurgy, 484; extraction of plat- 
inum by fusion, 489; preparation of alloys, 493.) 

Pree ir Os, Kh, Ru: 

Ann. chim. phys. [3], 56 (1859), 385; Arh. des Mines [5], 16 

(1859), 1; Ann. Chem. (Liebig), 111 (1859), 209; 114 (1860), 78; 

Ann. der Phys. (Pogg.), 107 (1859), 214; J. de Pharm. [3], 35 

(1859), 336; C. R. 48 (1859), 731; l’Institut, 27 (1859), 118; Pharm. 

J. and Trans. [2], 1 (1859), 414, 470; Polyt. J. (Dingler), 153 

(1859), 38; 154 (1859), 130, 199, 287, 383; Chem. News, 1 (1860), 5, 

15, 85; Chem. Centrbl. 1859, 559, 668; Rép. chim. pur. 1 (1859), 

325, 537; Rép. chim. appl. 1 (1859), 435; Amer. J. Sci. [2], 29 

(1860), 113, 373, 379; J. Frank. Inst. [3], 40 (1860), 21; Jsb. 

Chem. 1859, 230, 767; Berg u. Hiitten Ztg. 19 (1860), 20, 256, 

260, 272; Chem. tech. Mitth. (Elsner), 9 (1859-60), 125; Polyt. 
Centrbl. 26 (1860), 960; Polyt. Centrhalle, 10 (1859), 542. 


10. .H. Dutio. Ueber Loslichkeit des Platins in Konigswasser. 
Pt: 

J. prakt. Chem. 78 (1859), 369; Chem. News, 1 (1860), 204; Rép. 
chim. pur. 2 (1860), 114; Rép. chim. appl. 2 (1860), 183; Jsb. 
Chem. 1859, 256; J. chim. méd. [4], 6 (1860), 259; Berg u. Hut- 


ten Ztg. 19 (1860), 352; Chem. tech. Mitth. (Elsner), 10 (1860- 
61), 126. 


11. W. Ercutrr. Beitraige zur Kenntniss einiger Osmiumver- 
bindungen. (Potassium osmite, osmichlorid, and ammonio-silver 
osmichlorid.) Os. 


Bul. Soc. Nat. Moscou, 32, i, (1859), 152; Archiv Russ. 19 (1860), 
278; Jsb. Chem. 1860, 214. 


12. W. Kwnop. Notiz iiber die Bereitung der Platincyaniddop- 
pelsalze. Bt: 


Chem. Centrbl. 1859, 17; Rép. chim. pur. 1 (1859), 249; Jsb. Chem. 
1859, 274. 


13. G. WertHer. Notiz iiber Magnesiumplatincyantr. Pie 

J. prakt. Chem. 76 (1859), 186; Chem. Gaz. 17 (1859), 448; Chem. 
Centrbl. 1859, 629; Jsb. Chem. 1859, 274. 

14. V. ScHwarzenspacH. Verbindungen der Alkaloide .mit 


Platincyanir. Pte 

Vierteljahrsch. prakt. Pharm. 8 (1859), 516; Chem. Centrbl. 1860, 
304, 

15. W.Kwor. Ueber eine Eigenschaft des Platinsalmiaks, Notiz 

iiber ein Zersetzungsproduct des Platinsalmiaks. (Zerstauben 

beim Erhitzen; mit Natronlauge gekocht und mit Essigsaure ver- 

setzt, gibt Niederschlag.) PE 
Cheni. Centrbl. 1859, 241, 352; Jsb. Chem. 1859, 256. 
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16. J. ScHLOSSBERGER. Kleesiure aus Alkohol durch Platin- 


chlorid. Pe 
Ann. Chem. (Liebig), 110 (1859), 247; Rép. chim. pur. 1 (1859), 
419. 


1%. ©. A. Martius. Ueber einige Borverbindungen. (Bor- 
platin, p. 81.) PE: 
Ann. Chem. (Liebig), 109 (1859), 79; J. prakt. Chem. 77 (1859), 
125; Chem. Centrbl. 1859, 221; Jsb. Chem. 1858, 210. 
18. E. Brecqueret. Recherches sur divers effets lJumineux qui 
résultant de l’action de la lumiere sur les corps. (Optical proper- 
ties of the platinocyanids, p. 140.) Pe 
C. R. 49 (1859), 27; Ann. chim. phys. [3], 57 (1859), 40; Arch. Sci. 
phys. nat. 6 (1859), 21; Phil. Mag. 18 (1859), 524. 
19. C.B.Greiss. Ueber die Fluorescenz des Magnesium Platin- 


cyanir. Pt 
Ann. der Phys. (Pogg.), 106 (1859), 645; Jsb. Chem. 1859, 275. 


20. V. Rea@nautt. Une anomalie de la chaleur spécifique 
d’echantillons @iridium. (Owing to osmium present.) Ir, Os. 
C. R. 49 (1859), 897; J. prakt. Chem. 80 (1860), 500. 


21. GQ. JENzscH. Universal Platintriangle. Pt: 
Polyt. J. (Dingler), 151 (1859), 425. 


22. H. Dutuo. Ueber das Platiniren von Glas und Porcellan 
(and solution of platinum in aqua regin; cf. 1859 : 10). Pt: 


J. prakt. Chem. 78 (1859), 367; Polyt. J. (Dingler), 157 (1860), 152; 
J. chim. méd. [4], 6 (1860), 258; J. Frank. Inst. [3], 42 (1861), 
414; Bul. Soe. Encour. Nat. Indust. Paris. 


23. L. Eisner. Porzellanflichen mit einem starken Ueberzuge 


von Platina zu tiberziehen. PE 
Chem. tech. Mitth. (Elsner), 9 (1859-60), 124; Chem. News, 4 
(1861), 13. 


24. C.F. Vasserot. Plating glass with platinum and palladium. 

Pi Re 

Repert. of Pat. Invent. [3], 33 (1859), 485; Polyt. J. (Dingler), 

153 (1859), 42; Polyt. Centrhalle, 10 (1859), 576; Chem. tech. 
Mitth. (Elsner), 9 (1859-60), 67. 


25. Wiip. Einfache Methode, Kupfer und Messing auf soge- 
nanntem nassen Wege mit Platin zu tiberziehen. Pe 


Arch. Pharm. 148 (1859), 112; Chem. Centrbl. 1859, 541; Polyt. J. 
(Dingler), 153 (1859), 238; Polyt. Centrhalle, 10 (1859), 560; 
Chem. tech. Mitth. (Elsner), 9 (1859-60), 126. 
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26. C. F. Scoénpery. Ueber die katalytische Zersetzung des 
Wasserstoffsuperoxydes durch metallisches Platin. Pt. 


Gelehrte Anz. Miinchen, 49 (1859), 169; Verh. Natf. Gesel. Basel, 
2 (1860), 280; Ann. der Phys. (Pogg.), 109 (1860), 130; Ann. 
chim. phys. [3], 58 (1860), 486. 


: 27. C.F. Scuénpern. Beitrige zur nihern Kenntniss des Sauer- 


stoffes. ee 


Gelehrte Anz. Miinchen, 49 (1859), 529; Verh. Natf. Gesel. Basel, 
2 (1860), 420; Ann. chim. phys. 59 (1860), 102; J. prakt. Chem. 
79 (1860), 65; Ztsch. anal. Chem. 1 (1862), 9; Ann. der Phys. 
(Pogg.), 112 (1861), 281. 


28. OC. F. Scuénpetn. Ueber die chemische Polarisation des 


Sauerstoffes. ‘Pe 

J. prakt. Chem. 78 (1859), 88; Ann. chim. phys. [3], 58 (1860), 479; 

Verh. Natf. Gesel. Basel, 2 (1860), 251; Ann. der Phys. (Pogg.), 

108 (1859), 471; Chem. News, 1 (1860), 109, 254; Phil. Mag. 18 
(1859), 510. 


29. M. H. Jacospr. Note sur l’emploi d’une contre-batterie de 
platine aux lignes électro-télégraphiques. Pt 
C. R. 49 (1859), 610. 


1. V.Corra. Krystallisirtes gediegenes Platin. Pk 


Berg und Hiitten Ztg. 19 (1860), 495; Jahrbuch Min. 1861, 327; 
Jsb. Chem. 1860, 743. 


2. M.H.Jacost. Sur le platine et son emploi comme monnaie, 
St. Pétersburg, 1860. 8°. Pte 


3. ———————. Ueber die Gewinnung von Roheisen, Kupfer, 

told und Platin in den Kronsberg und Hiittenwerken des Uralge- 

birges im Jahre 1858. Pt 
Russ. Berg. Journ. 1860; Berg und Hutten Ztg. 19 (1860), 489. 


4. H. SatntTe-CLAIRE DEVILLE and H. DeBRAy. De la fusion 
et du moulage du platine. Pt: 


C. R. 50 (1860), 1038; J. prakt. Chem. 80 (1860), 500; Chem. News, 
2 (1860), 24; Chem. Centrbl. 1860, 639; l’Institut, 28 (1860), 194; 
Polyt. J. (Dingler), 157 (1860), 64; Amer. J. Sci. [2], 30 (1860), 
158; Jsb. Chem. 1860, 205; Rép. chim. appl. 2 (1860), 220; J. 
Frank. Inst. [3], 40 (1860), 123; Berg u. Hutten Ztg. 20 (1861), 
170. 


5. H. Sarnte-CLarre DEVILLE and H. DreBrRay. De la métal- 
lurgie du platine et des métaux qui l’'accompagnent. (Assay, Ann. 
chim. phys. 61 : 8; cupellation, 12, 30; direct fusion, 57; treatment 
of ores in dry way, 67; extraction of iridium and rhodium, 76; 
8 
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ruthenium and palladium, 78; treatment of the platinum of old 
Russian coin, 88.) Pt, Pdsirs@s Rh, Rue 
Ann. des Mines [5], 18 (1860), 71, 325; Ann. chim. phys. [3], 61 
(1861), 5; Polyt. J. (Dingler), 165 (1862), 198; Polyt. Centrbl. 27 
(1861), 1263; Jsb. Chem. 1861,’ 881; Berg u. Hiitten Ztg. 22 
(1862), 76; Chem. tech. Mitth. (Elsner), 12 (1862-63), 138. 


6. W.Grpss. Researches on the platinum metals. (Ammonium 

compounds of osmium and palladium; nitric acid compounds of 

iridium.) Os, Pd, Is: 

Amer. J. Sci. [2], 29 (1860), 427; Jsb. Chem. 1860, 217; Chem. 
News, 2 (1860), 179. 


7. BorpreKer. Die Beziehung zwischen Dichte und Zusam- 

mensetzung bei festen und liquiden Stoffen. Leipzig, 1860. 

(Composition and specific gravity of platinum and iridium chlorids 

and platinum iodids.) Pt, Te 
Jsb. Chem. 1860, 16. 


8. H. Scuirr. Die Polysulfurete der Schwermetalle. (Plati- 
num.) Pt. 
Ann. Chem. (Liebig), 115 (1860), 73. 


9. C. Kurppen. Ueber das Methplumbithyl. (Methplumbithyl- 
chloriir-Platinchlorid, p. 298.) Pte 
J. prakt. Chem. 81 (1860), 287. 


10. J.W. Mater. On osmious acid and the position of osmium 
in the list of elements. Os. 
Amer. J. Sci. [2], 29 (1860), 49; Phil. Mag. [4], 19 (1860), 293; 
Chem. News, 1 (1860), 206; Rép. chim. pur. 2 (1860), 209; Jsb. 
Chem. 1860, 213. 


11. A. W. Hormann. Contributions to the history of the phos- 
phorus-bases. (Analyses of chloroplatinates of phosphorus-bases.) 
Phe 
Ann. chim. phys. [3], 62 (1861), 385; 63 (1861), 257; 64 (1862), 110; 
J. Chem. Soc. 13 (1860), 289; 14 (1861), 73, 316; Ann. Chem. 
(Liebig), Suppl. band, 1 (1861), 1, 145, 275; J. prakt. Chem. 87 
(1862), 182; Q. J. Chem. Soc. 13 (1861), 4; Phil. Trans. London, 

150 (1860), 409. 


12. E. A. Hapow. On the composition of the platinidcyanids. 
Pt: 


Q. J. Chem. Soe. 13 (1860), 106; Chem. News, 1 (1860), 183; Rép. 
chim, pur. 2 (1860), 220; Jsb. Chem. 1860, 226. 


a 
Se ee 


a ee 


1860: 


1860: 


1860: 


1860: 


1860: 


1860: 


1860: 


1860: 


1860: 


1860: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP oh 


13. C. Czupnowicz. Beitrige zur Kenntniss der Ceroxydulver- 
bindungen und der Lanthanoxydsalze. (Cerium platinocyanid, 
p- 29; Lanthan platinocyanid, p. 36.) Pt: 


J. prakt. Chem. 80 (1860), 29; Chem. Centrbl. 1860, 1015; Rép. 
chim. pur. 2 (1860), 317, 321; Ztsch. Chem. 3 (1860), 532; Jsb. 
Chem. 1860, 124. 


14. C. A. Martius. Ueber die Cyanverbindungen der Platin- 


metalle. (Inaug. Diss.) Gottingen, 1860. Pt, Pd, Ir, Os, Rh, Ru. 


Ann. Chem. (Liebig), 117 (1861), 357; Chem. Centrbl. 1861, 545; 
1862, 139; Chem. News, 5 (1862), 323; Rép. chim. pur. 4 (1862), 
97; Phil. Mag. [4], 21 (1861), 502; Jsb. Chem. 1860, 202, 230. 


15. A. H. Cuurcu and E. OwEn. On cespitine and other bases 
produced by the destructive distillation of peat. (Platinum ces- 
pityl ammonium.) Pt. 
Phil. Mag. [4], 20 (1860), 110; J. prakt. Chem. 83 (1861), 225; 
Chem. News, 2 (1860), 133, 146; Chem. Centrbl. 1860, 803; Jsb. 
1860, 358. 
16. G. von Ratu. Krystallographische Beitrige. Kaliumpla- 
tinsesquicyaniir, 2(KaCy) + Pt,Cy, + 5Aq. Pt. 
Ann. der Phys. (Pogg.), 110 (1860), 110. 
17. W. Crosstey. On the melting points of some of the ele- 
ments. (Relation between the melting point and atomic volume 
of platinum and ~ailadium.) Pt, Pd. 
Chem. W~ ws, 2 (1860), 88. 


18. DertaNuE. Entdeckung himmerbar Platins. Pt. 
J. des Mines, 1860, 548; Berg u. Hiitten Ztg. 20 (1861), 335, 
19. O.L. Erpmsann. Ueber die Reinigung der Platintiegel, und 


das Verhalten derselben in der Gasflamme. En 


J. prakt. Chem. 79 (1860), 117; Polyt. J. (Dingler). 156 (1860), 393; 
Rép. chim. appl. 2 (1860), 127; Ztsch. Chem. 3 (1860), 316; Jsb. 
Chem. 1860, 205; Chem. News, 2 (1860), 256; J. Frank. Inst. [3], 
41 (1861), 196; Berg u. Hiitten Ztg. 20 (1861), 40. 


20. F.G. Cleaning of platinum (with sodium amalgam). Pt. 
Chem. News, 2 (1860), 286; J. prakt. Chem. 83 (1861), 272; Polyt. 
J. (Dingler), 161 (1861), 75; J. Frank. Inst. [3], 41 (1861), 390; 
42 (1862), 180 (dupl.); Jsb. Chem. 1861, 316. 
21. J. Petouze. Medaillen aus Legirungen von Platinum mit 
Iridium. Pi, ic; Bh; 
Polyt. J. (Dingler), 155 (1860), 118. 


22. J. NickieEs. Letter on new alloys of platinum (by H. St. C. 
Deville and H. Debray). Pt, fr;.Os. 
Amer. J. Sci. [2], 29 (1860), 270. 
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1. J. Torrey. Occurrence of iridosmium in California. (Foot- 
note to Gibbs’ Researches.) Ir, Os: 
Amer. J. Sci. [2], 31 (1861), 69. 


2. Q.Setta. Sulla forme cristalline di aleuni sali derivati dell’ 

ammoniaca. (Chloroplatinates of ethylphosphins.) Pi 

Cimento, 13 (1861), 349; 14 (1861), 37; 15 (1862), 145; Mém. Acad. 
Torino [2], 20 (1863), 355. 


3. KE. Gunymarp. Notice sur le dosage du platine qui se trouve 
a V’état de diffusion dans les gites métalliques ou dans les roches 
des Alpes du Dauphiné et de la Savoie. Pt. 


C. R. 53 (1861), 98; Chem. News 5 (1862), 7; Rép. chim. appl. 3 
(1861), 365. 


4, A. A. Damour. Note sur la présence du platine et de )’étain 
métallique dans les terrains auriféres de la Guyane. Pt 
C. R. 52 (1861), 688; Ann. des Mines [6], 8 (1865), 250; J. prakt. 
Chem. 87 (1862), 250; Rép. chim. pur. 3 (1861), 221; Rép. chim. 

appl. 3 (1861), 181; Jsb. Chem. 1861, 969. 


5. M. Farapay. On platinum. (Lecture at the Royal Institu- 
tion, Feb. 22, 1861.) Pt, Pd, Ir, Os, Rh, Ru. 
Proce. Roy. Inst. 3 (1858-62), 321; Chem. News, 3 (1861), 136. 


6. W. Gipps. Researches on the platinum metals. (Chiefly on 
separation of the metals; review of history and proposal of new 
method with nitrites.) (“ Reprinted from the Contributions to 
Knowledge of the Smithsonian Institution, vol. 12”; not, how- 
ever, so published.) Pt,Pd, ir: Os, Rh, Rue 
Amer. J. Sci. [2], 31 (1861), 63; 34 (1862), 341; 31 (1864), 57; J. 
prakt. Chem. 84 (1861), 65; 91 (1864), 171; 94 (1865), 10; Chem. 
News, 3 (1861), 130, 148; 7 (1863), 61, 73, 97; 9 (1864), 121; Rép. 
chim. pur. 3 (1861), 218; 4 (1862), 259; Bul. Soc. Chim. [2], 2 
(1864), 39; 3 (1865), 285; Chem. Centrbl. 1864, 355; Ann. Chem. 
(Liebig), 120 (1861), 99; Ztsch. anal. Chem. 5 (1866), 117, 132, 
136; Polyt. J. (Dingler), 166 (1862), 396; Jsb. Chem. 1861, 328; 
1862, 231; 1863, 290; 1864, 287; Berg u. Hiitten Ztg. 21 (1862), 

256. 


1861: 7%. G. KircnnorrF and R. W. Bunszn. Chemische Analyse durch 


Spectralbeobachtungen. (Solubility of rubidium and cesium 
platinichlorids, p. 352, 371.) Pt: 
Ann. der Phys. (Pogg.), 113 (1861), 337; Ann. chim. phys. 64 
(1862), 257; J. prakt. Chem. 85 (1862), 65; J. de Pharm. [3], 40 
(1861), 311; Chem. News, 4 (1861), 44; Ztsch. anal. Chem. 1 
(1862), 62; Phil. Mag. [4], 22 (1861), 329, 498; Jsb. Chem. 1861, 

176, 180. 
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8. M. Horzmann. Zur Kenntniss der Cerverbindungen. (Cer- 
chloriir platinchlorid, p. 80.) Pt. 


J. prakt. Chem. 84 (1861), 76; Phil. Mag. [4], 22 (1861), 216; Jsb. 
Chem. 1861, 188. 


9. J. Lane. Om nagra nya Platinoxydulforeningar, Upsala, 
1861. (Sulfate, sulfite, nitrite.) Et. 


J. prakt. Chem. 83 (1861), 415; Rép. chim. pur. 4 (1862), 220; Jsb. 
Chem. 1861, 316. 


10. J. Lane. Bidrag till Kainnedomen om Platinachlorurens 
dubbelféreningar. (Platinum double chlorids.) Pt; 


Oefvers. Akad. Férh. Stockholm, 18 (1861), 227; J. prakt. Chem. 
86 (1862), 126; Chem. Centrbl. 1862, 672; Jsb. Chem. 1862, 230. 


11. E. Bauprimont. Action exercée par le perchlorure de phos- 
phore sur plusieurs éléments chimiques. (Action of phosphorus 
pentachlorid on platinum.) Pt. 


C. R. 53 (1861), 637; J. prakt. Chem. 87 (1863), 303; Rép. chim. 
pur. 4 (1862), 61; Ztsch. Chem. 5 (1862), 119; Jsb. Chem. 1861, 
113; Bul. Soe. Chim. 1861, 117. 


12. L. T. Lanes. Ueber einige neue Cerverbindungen. (Cerium 

platincyaniir, p. 144.) Pt. 

J. prakt. Chem. 82 (1861), 144; Chem. Centrbl. 1861, 456; Rép. 
chim. pur. 3 (1861), 471; Jsb. Chem. 1861, 187. 


13. J. Nickiis. Sur les combinaisons formées par les bromures 
métalliques avec Vether. (Platinum and palladium bromid with 
ether.) Pu Pd 


C. R. 52 (1861), 869; J. de Pharm. [3], 39 (1861), 423; Rép. chim. 
pur. 3 (1861), 232; l'Institut, 29 (1861), 150; Jsb. Chem. 1861, 200. 


14. P. Grizss and C. A. Martius. Note sur l’éthyléne-chlorure 
de platine. Pt. 


C. R. 53 (1861), 922; Ann. Chem. (Liebig), 120 (1861), 324; J. 
prakt. Chem. 86 (1862), 427; Chem. Centrbl. 1862, 773; Rép. 
chim. pur. 4 (1862), 112. 


15. P. T. Curve. Om nagra ammoniakaliska Chromforeningar. 
(Platinum chlorids of chromium bases.) Pt. 
Oefversigt. Akad. Férhandl. Stockholm, 18 (1861), 163. 


16. A. Bkécuamp and C. Saint Prirre. Recherches sur la sépa- 
ration (par voie humide) de Vor et du platine, d’avec VPétain et 
Vantimoine. Réduction du perchlorure du fer par le platine. Pt. 


C. R. 52 (1861), 757; J. prakt. Chem. 84 (1861), 382; Chem. News, 
4 (1861), 284; Rép. chim. pur. 3 (1861), 232; Bul. Soc. Chim. 
1861, 67; Polyt. J. (Dingler), 160 (1861), 372; Jsb. Chem. 1861, 
865. 
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17%. V. Facer. Observations sur une note de M. Béchamp et 
Saint-Pierre. Pt. 
Bul. Soc. Chim. 1861, 66; Jsb. Chem. 1861, 865. 


18. C. Sarnt-Prirre. Reponse 4 M. Faget. (Reduction of fer- 
ric chlorid by platinum.) Pt. 
Bul. Soe. Chim. 1861, 68. 


19. EK. Satyt-Epme. Sur la faculté qu’a le platine rendu incan- 

descent par un courant électrique de produire des combinaisons 

gazeuses. Pt. 
C. R. 52 (1861), 408; Chem. News, 3 (1861), 385; 4 (1861), 118. 


20. F. Cracre-CaLvert, R. JoHNsoN and G. C. Lowsr. On the 
expansion of metals and alloys. (Expansion of platinum.) Et 
Chem. News, 3 (1861), 357; Jsb. Chem. 1861, 17. 


21. E. F. von Gorup-BEsaNnez. Ueber die Producte der Ein- 
wirkung des Platinmohrs auf Mannit. Pt. 


Ann. Chem. (Liebig), 118 (1861), 257; J. prakt. Chem. 84 (1861), 
462; Rép. chim. pur. 3 (1861), 401. 


22. V. REGNAULT. Sur le chaleur spécifique. (Métaux qui ac- 
compagnent le platine, p. 13.) Pt, Osiith: im 
Ann. chim. phys. [3], 63 (1861), 5; Ann. Chem. (Liebig), 121 
(1862), 237; Chem. Centrbl. 1862, 442; Phil. Mag. [4], 23 (1862), 
110; Rép. chim. pur. 4 (1862), 81; Ztsch. Chem. 5 (1862), 178; 

Jsb. Chem. 1861, 26. 


23. G. KircnuHorr. Untersuchung itiber das Sonnenspectrum 
und die Spectren der chemischen Elemente. Pt, Pd, Ir, Os, Rh, Ru. 


Abh. Akad. Berlin, 1861, 63; 1862, 227; Ann. chim. phys. 68 (1863), 
1; Cimento, 16 (1862), 199. 


1. H. Lupwie. Californisches Platinerz. Pt (&c.). 
Arch. der Pharm. [2], 110 (1862), 14; Jsb. Chem. 1862, 707. 


2. C. F. CHanpLeR. A new metal in the native platinum of 
Rogue River, Oregon. —Pt. 


Amer. J. Sci. [2], 32 (1862), 351; Chem. News, 6 (1862), 30; Ann. 
der Phys. (Pogg.), 117 (1862), 190; J. prakt. Chem. 88 (1863), 
191; Chem. Centrbl. 1862, 559; l’Institut, 30 (1862), 308; Rép. 
chim. pur. 4 (1862), 409; Phil. Mag. [4], 24 (1862), 168; Jsb. 
Chem. 1862, 351; J. Frank. Inst. [3], 55 (1868), 301. 


3. H. von Jossa. Ueber die Erzeugnisse der unter der Aufsicht 
des uralischen Oberbergamtes stehenden Privat Berg- und Hiit- 


tenwerke des Uralgebirges im Jahre 1859. Pe 
Berg und Hiitten Ztg. 21 (1862), 363. 
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4. H. von Jossa. Ueber die Erzéeugnisse der unter dem Mos- 

kauer Oberbergamtes stehenden Trans-Moskowischen Berg- und 

Hiittenwerke fiir das Jahr 1859. Pe; 
Berg und Hiitten Ztg. 21 (1862), 417. 


5. T. L. Purpson. On crystallized platinum. Pt. 
Chem. News, 5 (1862), 144; Jsb. Chem. 1862, 229. 
6. A. Nosie. Crystallized platinum. Pi. 


Chem. News, 5 (1862), 168; Jsb. Chem. 1862, 229. 


% H. SarnTe-CLarrReE DEVILLE and H. DEBRAy. Sur la métal- 
lurgie du platine. Pt; Ir; Rh; Os. 
C. R. 54 (1862), 1139; J. prakt. Chem. 87 (1862), 293; Chem. News, 
6 (1862), 150; Chem. Centrbl. 1862, 507; l’Institut, 30 (1862), 177; 
Polyt. J. (Dingler), 165 (1862), 205; Jsb. Chem. 1862, 642; Chem. 
tech. Mitth. (Elsner), 12 (1862-63), 138. 
8. ——————. _ Platinum standard kilogram. (Report from C. 
R. and Prussian Gov't.) Pi 
Chem. News, 5 (1862), 64. 


9. C.Craus. (Ruthenium als Reagenz.) Ru. 
Pharm. Ztsch. fiir Russland, 1 (1862), 303; Jsb. Chem. 1863, 697. 


10. C. Cuaus. Ueber ein allgemeines Verfahren, die einzelnen 

Platinmetalle in ihren verschiedenartigen Verbindungen zu erken- 

nen. Pt, Pd, Ir, Os,-Rh, Ru. 
Pharm. Ztsch. fiir Russland, 1 (1862), 333. 


11. E. Bauprimont. Recherches sur les combinaisons du per- 
chlorure de phosphore avec d’autres chlorures. Pt. 
C. R. 55 (1862), 361, 419; J. prakt. Chem. 88 (1863), 79; 91 (1864), 
105; J. de pharm. [3], 42 (1862), 190; Chem. Centrbl. 1863, 151; 
Rép. chim. pur. 4 (1862), 403; Ztsch. Chem. 5 (1862), 572; Jsb. 
Chem. 1862, 55. 
12. H.Scuirr. Zur Kenntniss der metallhaltigen Ammonium- 
derivate. Pf, Pd, irs0s-Rh, Ru: 
Ann. Chem. (Liebig), 123 (1862), 1. 


13. C.D. Braun. Ueber ammoniakalische Kobaltverbindungen. 
Inaug. Diss. Gottingen, 1862. (Platinum salts of cobalt bases.) 
Ann. Chem. (Liebig), 125 (1863), 153, 197; Jsb. Chem. 1862, 207. Pt. 


14. C. Sarnt-Pigzrre. Sur la réduction du perchlorure de fer 
par le platine, le palladium, et l’or; réduction des chlorures d’or et 
de palladium par le platine. Pid. 


C. R. 54 (1862), 1077; Bul. soc. chim. 1862, 74; J. prakt. Chem. 90 
(1863), 380; Rép. chim. pur. 4 (1862), 252; Rép. chim. appl. 4 
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(1862), 293; Ztseh. anal. Chem. 1 (1862), 482; Ztsch. Chem. 5 
(1862), 433; Jsb. Chem. 1862, 80. 
15. J. Personne. Note sur la réduction du perchlorure de fer 
par l’action de la chaleur et sur son pouvoir chlorurant. (Reduc- 
tion by platinum and palladium.) PL Pde 
Bul. soe. chim. 1862, 66; Jsb. Chem. 1862, 196. 


16. <A. C. BecquEREL and E. BecquEeren. Réduction électro- 
chimique du cobalt, du nickel, de Yor, de Yargent et du platine. 
Pi 
C. R. 55 (1862), 18; Chem. News, 6 (1862), 126; Ann. Chem. (Lie- 
big), 124 (1862), 311; J. prakt. Chem. 86 (1862), 503; Chem. 
Centrbl. 1862, 772; Rép. chim. pur. 4 (1862), 321; Polyt. J. (Ding- 
ler), 165 (1862), 373. 
1%. E. Brecqurrent. Recherches sur la détermination des hautes 
températures et Virradiation des corps incandescents. (Fusion of 
platinum and palladium, Ann. chim. phys., 68 : 136; porosity of 
platinum in pyrometer.) Pr Pa 
C. R. 55 (1862), 826; 57 (1863), 855; Ann. chim. phys. [3], 68 (1863), 
49; l'Institut, 31 (1863), 369; Jsb. Chem. 1863, 25. 
18. H. Sarnre-Ciaire DevittE and H. Drsray. Platine ag- 
gloméré par voie de fusion. Pt: 
Rep. chim. appl. 4 (1862), 294. 


19. J. P. Joutz. On some amalgams. (Platinum amalgams, p. 
122.) Pe 
Mem. Phil. Soc. Manchester, [3], 2 (1865), 115; J. Chem. Soe. 16 
(1863), 384; Chem. Centrbl. 1864, 222; Jsb. Chem. 1863, 382. 
20. C. AuBEL. Das Schmelzen des Platins mittelst Holzkohlen. 
Pt 
Polyt. J. (Dingler), 165 (1862), 278; Berg u. Hiitten Ztg. 21 (1862), 
392. 
21. W. Herarus. Ueber das Schmelzen des Platins in Beriih- 
rung mit Kohle. Pt: 
Polyt. J. (Dingler), 167 (1863), 132; Polyt. Centrbl. 28 (1862), 344, 
1434; Rép. chim. appl. 5 (1863), 134; Berg u. Hiitten Ztg. 22 
(1863), 256. 
22. [F. H. Storer?] American process of working platinum. 


Pie 
Amer. J. Sci. [2], 33 (1862), 124; Rép. chim. appl. 4 (1862), 294. 


23, ——__—_-. Bericht tiber einzelne Abtheilungen der Lon- 
doner Industrie-Ausstellung. (Exhibit of Johnson, Matthey & 
Co., p. 290.) Pt; Pd; Ir, Os. Rhee 


Berg u. Hiitten Ztg. 21 (1862), 289. 
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1862: 24. J. Hunt. (Bronzing of copper and copper alloys by plati- 
num chlorid.) Pi. 
Engl. Patent, June 17, 1862; London Journ. of Arts, 17 (1863), 

102; Polyt. J. (Dingler), 168 (1863), 35; Chem. Centrbl. 1863, 


560; Polyt. Centrbl. 29 (1863), 549; Chem. tech. Mitth. (Elsner), 
12 (1862-63), 140. 


1862: 25. E. WirpERHOLT. Ueber die Zersetzung des chlorsauren 
Kalis, bei niederer Temperatur durch Braunstein (und Platin- 
schwarz). Bt: 

Ann. der Phys. (Pogg.), 116 (1862), 171; Chem. News, 7 (1863), 


157; Chem. Centrbl. 1862, 808; Rép. chim. pur. 5 (1863), 9; Ztsch. 
Chem. 5 (1862), 503; Jsb. Chem. 1862, 77. 


1862: 26. W. A. Mituer. On the photographic transparency of var- 
ious bodies and on the photographic effects of metallic and other 
spectra obtained by means of the electric spark. Pt. 

Phil. Trans. London, 152 (1862), 861; J. Chem. Soe. 17 (1864), 77. 


1863: 1. O. C. Marsu. Platinum and platinum metals at Interna- 
tional Exhibition at London, 1862. Pip Pasir Os. kh hia 
Amer. J. Sci. [2], 35 (1863), 256. 


1863: 2. A. Guyarp. Nouveau procédé d’extraction des métaux des 
résidues platiniféres. Pt, Poa. ir: Os, Rh, Ror 

C. R. 56 (1863), 1177; Chem. News, 8 (1863), 106; Chem. Centrbl. 

1863, 952; Polyt. J. (Dingler), 169 (1863), 278; Ztsch. Chem. 6 

(1863), 740; Jsb. Chem. 1863, 290; Berg u. Huitten Ztg. 22 (1863), 


440; Polyt. Centrbl. 29 (1863), 1236; Chem. tech. Mitth. (Elsner), 
13 (1863-64), 152. 


1863: 3. KE. Jacost. Monographia metalla Osmia. (Monograph o 
osmium.) (Dissertation.) Saint Petersburg, 1863. Os. 


1863: 4. R. Borrecer. Ueber das Vorkommen des Thalliums in salini- 
schen Mineralwassern. (Bereitung des Platinchlorids von Platin- 
abfallen, u. s. w., p. 246.) Pt. 

Ann. Chem. (Liebig), 128 (1863), 140; Chem. Centrbl. 1865, 127; 
Beglickwtinschschrift phys. Ver. Frankfurt, 1863, 3; Ztsch. 
anal. Chem. 3 (1864), 137; Jsb. Chem. 1863, 289; Polyt. Notizbl. 


18 (1863), 309; Chem. tech. Repert. 2 (1863), 90; Chem. tech. 
Mitth. (Elsner), 13 (1863-64), 143. 


1863: 5. E. Mrtnon and A. Commarrin. Etudes chimiques sur le 
cuivre. (Chloroplatinate of cupro-ammonium.) Pt. 


C. R. 57 (1863), 820; Chem. Centrbl. 1864, 181, 525; Chem. News, 9: 
(1864), 49; Bul. soe. chim. [2], 1 (1864), 357; Jsb. Chem. 1863, 289. 
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6. H. Desus. Ueber die Darstellung des Methylamins aus 
Blausiure und Wasserstoff (durch Platinschwarz). (Cyanid of 
platinum and methylamin.) Pe 
Ann. Chem. (Liebig), 128 (1863), 200; Bul. soc. chim. 6 (1866), 381; 
Chem. Centrbl. 1864, 8; J. Chem. Soc. 16 (1863), 249; Ztsch. 
Chem. 6 (1863), 721; Jsb. Chem. 1863, 407. 


7%. W. Detrrs. Ueber ein neues zur Diagnose der Alkaloide be- 
sonders geeignetes Reagens. (Potassium platinocyanid.) Pr 


Verh. Nathist. Med. Ver. Heidelberg, 3 (1863?), 20; Ztsch. anal. 
Chem. 3 (1864), 152; Ztsch. Chem. 6 (1863), 630. 


8. C. Marrevccr. Sur la diffusion des gaz a travers certains 
corps poreux (platine). Pt 
C. R. 57 (1863), 251; Bul. soe. chim. 5 (1866), 546; Chem. Centrbl. 
1864, 225; l’Institut, 31 (1863), 253; J. de Pharm. [3], 45 (1864), 

221; N. Arch. ph. Nat. 18 (1863), 103; Jsb. Chem. 1863, 23. 


9. H. SartntE-CLAIRE DEVILLE and L. Troost. De la mesure 

des températures élevées. (Porosity of platinum at high tem- 

peratures.) Pt, Pa 

C. R. 56 (1863), 977; Ann. Chem. (Liebig), Suppl. 2 (1863), 387; 

Chem. Centrbl. 1863, 1048; Chem. News, 7 (1863), 294; Bul. soc. 

chim. 5 (1866), 433; l’Institut, 31 (1863), 161; N. Arch. ph. Nat. 

18 (1863), 99; Polyt. J. (Dingler), 171 (1864), 199; Phil. Mag. 

[4], 26 (1863), 336; Rép. chim. appl. 5 (1863), 236; Ztsch. anal. 

Chem. 2 (1863), 351; Jsb. Chem. 1863, 23; J. Frank. Inst. [3], 52 
(1866), 418. 


10. W. Hetpt. Ueber die sogenannte Passivitit der Metalle 
Platin und Zinn. Pt 
J. prakt. Chem. 90 (1863), 260. ; 


11. T. Riouter. Ueber die Schmelzung des Platins. mittelst 


Holzkohlen. Pi 
Berg u. Hiitten Ztg. 22 (1863), 195; from Berg u. Hiitten Jahrb. 
12 (1863). 


12. C.Auvset. Schmelzung des Platins im Focus der Diise eines 
Kisenhohofens auf Retortenkoks-Unterlage. Pt 
Polyt. J. (Dingler), 168 (1863), 28; Rép. chim. appl. 5 (1863), 134; 
Berg u. Hiitten Ztg. 22 (1863), 272. 
13. C. A. Gruen. Die Schweissbarkeit des Platins und ihr 
Nutzen in der physikalischen Technik. Pe 
Polyt. J. (Dingler), 170 (1863), 284. 


14. P. Tunner. Bericht iiber die metallurgischen Gegenstiinde 
der Londoner Weltindustrie-Ausstellung von 1862. Wien, 1863. 
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(4 24. H. Miller, Palladium-Platinirung; 27. Platindarstellung 
nach Deville durch Schmelzung.) Pt, Pd. 
Berg. u. Hiitten Ztg. 22 (1863), 168. 


15. ——____. (Plating with platinum.) Pe 
N. Jahrb. fiir Pharm. 19 (1863), 323; Chem. Centrbl. 1863, 896. 
16. HaceEr. (Substances which should not be fused in platinum 


crucibles.) Pt: 
J. de Pharm. ——; Chem. News, 8 (1863), 12. 
17. W. Frazer. Osmium spectrum. Os. 


Chem. News, 8 (1863), 34; Chem. Centrpl. 1864, 223; Amer. J. Sci. 
[2], 36 (1863), 267; Ztsch. anal. Chem. 2 (1863), 353. 


18. G. QuinckE. Ueber die optische Eigenschaften der Metalle. 
(Platinum.) Pt. 


Monatsber. Acad. Berlin, 1863, 115; Ann. der Phys. (Pogg.), 119 
(1863), 385. 


1. M.C. Lea. Notes on the platinum metals, and their separa- 
tion from each other. (Use of oxalic acid in addition to Claus’ 
process.) Pt,Pd; IOs, Rhy, Ru: 
Amer. J. Sci. [2], 38 (1864), 81, 248; J. prakt. Chem. 95 (1865), 351; 
Chem. News, 10 (1864), 279, 301; 11 (1865), 3, 13; Chem. Centrbl. 


1865, 393; Bul. soc. chim. [2], 6 (1866), 127; Ztsch. anal. Chem. 
5 (1866), 123; Jsb. Chem. 1864, 290. 


2. HE. Bauprimont. Recherches sur les chlorures et les bromures 

de phosphore. (Action of phosphorus pentachlorid on platinum, 

p. 16.) Pt. 
~ Ann. chim. phys. [4], 2 (1864), 5. 


3. J. G. GenteLe. Ueber einige Platinbasen. (Theoretical.) 
J. prakt. chem. 93 (1864), 298; Jsb. Chem. 1864, 296. Pt: 


4. C. A. Winxter. Ueber Siliciumlegirungen und Silicium- 

arsenmetalle. (Silicium Legirungen mit Platin, p. 203.) Pt 

J. prakt. Chem. 91 (1864), 193; Chem. Centrbl. 1864, 774; Bul. soc. 

chim. [2], 2 (1864), 32; J. de Pharm. [3], 45 (1864), 553; Jsb. 
Chem. 1864, 209. 


~ 


5. R. Borrezr. Ueber die Reduction der Platindoppelverbin- 

dungen des Cisiums, Rubidiums und Kaliums auf nassem Wege. 
Pe. 

J. prakt. Chem. 91 (1864), 251; Ztsch. anal. Chem. 3 (1864), 362. 
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6. ©. Grrrner. Ueber das Verhalten des Schwefels und der 
schwefligen Saiure zu Wasser bei hoher Temperatur. (Action of 
sulfur dioxid on platinum, p. 358.) Pts 
Ann. chem. (Liebig), 129 (1864), 350; J. prakt. Chem. 93 (1864), 
99; Chem. Centrbl. 1864, 143; Bul. soc. chim. [2], 2 (1864), 438; 

J. de Pharm. [3], 45 (1864), 453, 457; Jsb. Chem. 1864, 143. 
?. C. Brunner. Ueber die Einwirkung des Wasserstoffgases auf 
die Lésungen einiger Metallsalze. Pied: tae 


Mitth. Naturf. Gesel. Bern, 1864, 17; Ann. der Phys. (Pogg.), 122 
(1864), 153; Chem. Centrbl. 1864, 604; Bul. soc. chim. [2], 2 
(1864), 441; Phil. Mag. [4], 28 (1864), 226; Ztsch. Chem. 7 (1864), 
660; Polyt. J. (Dingler), 171 (1864), 287; Jsb. Chem. 1864, 124. 


8. A. Scurorrer. Ueber ein vereinfachtes Verfahren das Li- 
thium, Rubidium, Casium und Thallium aus den Lithionglim- 
mern zu gewinnen (Anwendung von Platinchlorid). (Solubility 
of platinichlorids.) Pi 
Sitzber. Akad. Wien, 50, ii (1864), 268; J. prakt. Chem. 93 (1864), 
282; Chem. Centrbl. 1865, 331; N. Jahrb. der Pharm. 23 (1865), 
16, 65; Jsb. Chem. 1864, 182. 
9. W. Crookes. On thallium. (Thallium platinichlorid; alloy 
of thallium and platinum, p. 147.) Pte 
J. Chem. Soc. 17 (1864), 112. 


10. W. Crookes. On the solubility of some thallium salts. 

(Solubility of platinichlorids of potassium, ammonium, thallium, 

&e.) Pts 

Chem. News, 9 (1864), 37; Bul. soc. chim. [2], 1 (1864), 266; Jsb. 
Chem. 1864, 256. 

11. L. DrrscHerner. Die Krystallformen einiger Platincyan- 

verbindungen. Pe 


Sitzber. Akad. Wien, 50, ii (1864), 373; Anzeig. Akad. Wien, 1 
(1864), 169; l’Institut, 33 (1865), 55. 


12. ——————.. Platinage des metaux. Piz 
Bul. soe. chim. [2], 1 (1864), 301. 
13. H. Kopp. Untersuchungen iiber die specifische Wirme der 


starren und tropfbarfltissigen Korper. (Specifische Warme des. 

Platins und des Iridiums, p. 73; des Piatinchlorid-Chlorkaliums, 

pe 9D.) Pt, i 
Ann. Chem. (Liebig), Suppl. bd. 3 (1864), 1. 


14. F.J. Pisko. Beitrag zur Fluorescenz des Lichtes. (Cisium- 
platinum sulfid.) Pt 
Ann. der Phys. (Pogg.), 123 (1864), 167. 
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15. F. M. Raoutt. Recherches sur les forces électromotrices. 
(Force produced at contact of platinum and gold.) Pt. 
Ann. chim. phys. [4], 2 (1864), 317. 


1. K. Kravr.. Baryum in Platin. Bt 
- Ztsch. anal. Chem. 4 (1865), 369; Chem. News, 14 (1866), 34; Jsb. 
Chem, 1865, 282. 


2. V.VON ZEPHAROVICH. Krystallographische Mittheilung tiber 
zwei Platindoppelsalze des Piperidinharnstoffes. Pt. 
Sitzber. Akad. Wien, 52, ii (1865), 241. ; 


3. P. T. Creve. Bidrag till kinnedomen om ammoniakaliska 
Kromfoéreningar. (Platinichlorids of chromium bases.) Bi: 
Handl. Akad. Stockholm [2], 6 (1866), 4. 


4, P. T. Curve. Forelépande underrittelser om nagra brom- 
och jodhaltiga ammoniakaliska Platinaforeningar. (Bromin and 
iodin salts of platinum bases.) Pt: 


Oefversigt. Akad. Forh. Stockholm, 22 (1865), 487; J. prakt. 
Chem. 100 (1867), 22; Jsb. Chem. 1867, 321. 


5. H. Baupieny. Ueber ein neues Palladiumsalz (Palladamin- 


chloriir). Pd. 
Ann. Chem. (Liebig), Suppl. bd. 4 (1865), 253; Ztsch. Chem. 9 
(1866), 508; Jsb. Chem. 1866, 276. 


6. C. Brrnspaum. Ueber die Bromverbindungen des Iridiums. 

Inaug. Diss. Gottingen, 1864. ie: 

Ann. Chem. (Liebig), 133 (1865), 161; J. prakt. Chem. 96 (1865), 

207; Bul. soe. chim. [2], 4 (1865), 112; Chem. Centrbl. 1865, 354; 
Ztsch. Chem. 8 (1865), 22; Jsb. Chem. 1864, 292. 


?. C. Brrnpaum. Ueber die Einwirkung der schwefligen Siure 

auf das blaue Iridiumoxydhydrat. ir: 

Ann. Chem. (Liebig), 136 (1865), 177; Bul. soc. chim. [2], 5 (1866), 

354; Chem. Centrbl. 1865, 1132; J. prakt. Chem. 98 (1866), 32; 
Ztsch. Chem. 8 (1865), 459; Jsb. Chem. 1865, 283. 


8. J. REDTENBACHER. Ueber die Trennung von Rubidium und 
Casium in Form der Alaune. (Léslichkeit des Kalium, Rubidium 
und Casium Platinchlorids.) Pt. 
Sitzber. Akad. Wien, 51, ii (1865), 247; Anzeig. Akad. Wien, 2 
(1865), 39; J. prakt. Chem. 94 (1865), 442; Chem. Centrbl. 1865, 
625; l'Institut, 33 (1865), 216; Phil. Mag. [4], 2 (1865), 375; 
Ztsch. anal. Chem. 4 (1865), 97; Ztsch. Chem. 8 (1865), 345; Jsb. 

Chem. 1865, 705. 


9. HE. A. VAN DER Burc. Chemische Mittheilungen in Betreff 

der China-Alkaloide. (Verhalten der China-Alkaloide zu einer 

Kaliumplatincyaniirlésung, p. 296.) Et. 
- Ztsch. anal. Chem. 4 (1865), 272; Jsb. Chem. 1865, 439. 
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1865: 10. C. SranuscHmipt, Sy and WAGNER. ee plated 
dishes for the chemical laboratory.) Pir 


Verh. Ver. Beford. Gewerbefieisses in Preussen, 1865, 90; J. prakt. 
Chem. 98 (1866), 320; Polyt. J. (Dingler), 179 (1866), 162; Ztsch. 
anal. Chem. 5 (1866), 99. 


1865: 11. G. Maenus. (Note on plating with platinum.) Pip 
Ann. chim. phys. [4], 6 (1865), 146. 


1865: 12. A. Satverar. Ueber die Spiegel aus platinirtem Glase von 


Creswell und Tavernier. Pts 
Bul. Soc. Encourage. Sept. (1865), 526; Polyt. J. (Dingler), 180 
; 4 (1866), 39; Polyt. Centrbl. 32 (1866), 407, 730; Chem. tech. Re- 


pert. 4, ii (1865), 39; Deutsch. Indust. Ztg. 6 (1865), 495; Chem. 
tech. Mitth. (Elsner), 15 (1865-66), 192. 


1865: 13. J. B.A. Dons. (Platinspiegel.) Pi 


Les Mondes, 7, 603; Breslauer Gewerbeblatt, 1865, No. 13; Bul. 
soc. chim. [2], 3 (1865), 398; Polyt. J. (Dingler), 177 (1865), 79; 
J. Frank. Inst. [3], 50 (1865), 273; Lond. J. Arts Sci. (1865), 


July. 
1865: 14. ——————_._ Platinum mirrors, introduced by Dodé. Pt. 
Quart. J. of Sci. 2 (1865), 497. 
1865: 15. ScoHwarz. Dodé’s Platinspiegel. Pts 
Breslauer Gewerbebl. (1865), No. 13; Chem. Centrbl. 1865, 960. 
1865: 16. P. Weiskorr. Platinaspiegeln auf Glas. Pus 


Deutsch. Gew. Ztg. 30 (1865), 468; Chem. tech. Repert. 4, ii (1865), 
40; Chem. tech. Mitth. (Elsner), 15 (1865-66), 191. 


1865: 17%. K. Kraut. Ein Vorlesungsversuch. (Oxidation von Am- 


moniak zu Ammoniumnitrat mittelst Platindraht.) Pt. 
Ann. Chem. (Liebig), 136 (1865), 69; J. Frank. Inst. [3], 51 (1866), 
137. 


1865: 18. E. Srrxu. Sur un produit de loxydation de Vérythrite (par 
platinmohr). Pts 
C. R. 61 (1865), 741; J. prakt. Chem. 97 (1866), 251. 


1865: 19. E. Eptunp. Qvantitativ bestamning af de virmefenomener, 
som uppkomma vid metallers volumforindring, af veorsom af var- 
mets mekaniska eqvivalent, oberoende af metallens nire arbete. 
(Elasticitiits-Coefficienten des Platins.) Pr 

Oefversigt. Akad. Stockholm, 22 (1865), 295; Ann. der Phys. 
(Pogg.), 126 (1865), 565; Ann. chim. phys. [4], 8 (1866), 257. 

1866: 1. N. von KoxscHarow. Mineralogische Notizen tiber... 

Platin. (Platinum ore magnetic.) PE: 


Bul. Acad. Sci. St. Pétersb. 11 (1867), 79; Jahr. Min. 1867, 194; 
Jsb. Chem. 1866, 912. 
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1866: 2. F. WouiER. Ueber ein neues Mineral von Bornéo. (Laurit, 
RuOs8.) Ru, Os. 


Gottingen Nachrichten, 1866, 155; Ann. Chem. (Liebig), 139 
(1866), 116; J. prakt. Chem. 98 (1866), 226; Chem. Centrbl. 1866, 
620; C. R. 62 (1866), 1059; Ann. chim. phys. [4], 9 (1866), 515; 
Natuurk. Tijdsch. Batavia, 30 (1868), 416. 


1866: 3. S. Cuorz. Iridium cristallisé. i Pt: 
Bul. soe. chim. [2], 5 (1866), 162. 


1866: 4. E.Sonstapr. Note on the purification of platinum. (Clean- 
ing platinum crucibles from iron ores.) ET. 
Chem. News, 13 (1866), 145; J. de Pharm. [4], 4 (1866), 152; Polyt. 
J. (Dingler), 180 (1866), 365; J. Frank. Inst. [3], 51 (1866), 416; 
Jsb. Chem. 1866, 267; Polyt. Centrbl. 32 (1866), 758; Chem. tech. 
Mitth. (Elsner), 15 (1865-66), 163. 


1866: 5. A. Forster. Zur Kenntniss und Trennung der Platinmetalle 
(Resumé). Pt; Pd, bs Os, Rhy Rue 
Ztsch. anal. Chem. 5 (1866), 117; Jsb. Chem. 1866, 266. 


1866: 6. C. F. ScHonspEIn. De l’action du platine, du ruthénium, du 
rhodium et de Viridium sur l’eau de chlor, sur les dissolutions 
aqueuses des hypochlorites, sur le peroxyde d’hydrogéne, et sur 
Voxygene ozonizé. Per Bhs Riu. 

Ann. chim. phys. [4], 7 (1866), 103; 8 (1866), 465; J. prakt. chem. 
98 (1866), 76; Verh. Naturf. Gesel. Basel, 4 (1867), 286; J. de 
pharm. [4], 4 (1866), 395; Bul. soc. chim. [2], 7 (1867), 339; 
Jsb. Chem. 1866, 104; Sitzber. Akad. Miinchen, 1866, i, 278; Chem. 
News, 13 (1866), 207. 


1866: 7. C. BrrnBaum. Ueber die Einwirkung von schwefliger Saure 
auf Platinoxydhydrat. (Also separation of platinum and iridium, 
p17 %.) Pia de: 

Ann. Chem. (Liebig), 139 (1866), 164; J. prakt. Chem. 100 (1867), 
123; Bul. soc. chim. [2], 6 (1866), 453; Chem. Centrbl. 1866, 854; 
Ztsch. anal. Chem. 5 (1866), 405; Ztsch. Chem. 9 (1866), 235; Jsb. 
Chem. 1866, 269. 


1866: 8. P. ScHorrLanpeR. Platiniir-Natrium-Hyposulphit. Pi 


Ann. Chem. (Liebig)), 140 (1866), 200; J. prakt. Chem. 100 (1867), 
381; Chem. Centrbl. 1867, 223; Ztsch. Chem. 9 (1866), 739; Jsb. 
Chem. 1866, 268. 


1866: 9. [F. W6uteER.] Zur Kenntniss des Osmiums. Os. 


Ann. Chem. (Liebig), 140 (1866), 253; Chem. News, 15 (1867), 86; 
J. prakt. Chem. 100 (1867), 407; Bul. soc. chim. [2], 7 (1867), 
396; Ztsch. Chem. 9 (1866), 742; Jsb. Chem. 1866, 276. 
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10. J. H. Giapstonge. On pyrophosphotriamic acid. (Platinum 
Balty ip: d24) Pr 
J. Chem. Soe. 19 (1866), 1. 


11. H. Résster. Ueber die Doppelcyaniire des Palladiums. 
(Inaug. Diss.) Gottingen, 1866. (Refers also to double cyanids of 
platinum.) Pd, Pig 


Ztsch. Chem. 9 (1866), 175; Bul. soc. chim. [2], 6 (1866), 323; Ztsch. 
anal. Chem. 5 (1866), 403; Jsb. Chem. 1866, 275, 290. 


12. P.'T. CLeve. Om ammoniakaliska Platinforeningar. PE 


Nova Acta. Upsala [3], 6 (1866), 5; Bul. soc. chim. [2], 7 (1867), 
12; Ztsch. Chem. 10 (1867), 228; Chem. Centrbl. 1867, 945; Jsb. 
Chem. 1867, 321. 


13. E. A. Hapow. The platinum-bases: the best mode of ob- 
taining and identifying them; some new compounds. Pi 
J. Chem. Soc. 19 (1866), 345; Chem. News, 13 (1866), 281; Chem. 


Centrbl. 1867, 625; J. prakt. Chem. 100 (1867), 30; Ztsch. Chem. 
9 (1866), 560; Jsb. Chem. 1866, 272. 


14. R. Borrerr. Ueber ein sehr auffallendes Verhalten ver- 
schiedener Stoffe zu Schwefel-Wasserstoffgas. (Platinschwarz 
und Schiesswolle.) Pt 


Jsb. phys. Ver. Frankfurt, 1866-67; J. prakt. Chem. 103 (1868), 310. 


15. [F. W6uter.] Trennung von Kupfer und Palladium. (By 
potassium thiocyanate.) Pe 
Ann. Chem. (Liebig), 140 (1866), 144; Ann. chim. phys. [4], 10 
(1867), 510; Chem. News, 15 (1867), 40; Bul. soc. chim. [2], 7 
(1867), 40; J. prakt. Chem. 100 (1867), 440; Polyt. J. (Dingler), 
182 (1866), 347; Ztsch. anal. Chem. 5 (1866), 403; Ztsch. Chem. 

9 (1866), 754; Jsb. Chem. 1866, 810. 


16. A.CommarnLLe. Sur laction du nitrate d’argent et du proto- 
nitrate de mercure sur le bichlorure de platine. (Chloroplatinate 
of silver, &c.) Pt: 
C. R. 63 (1866), 553; Bul. soc. chim. [2], 6 (1866), 262; Chem. 
Centrbl. 1867, 125; Chem. News, 14 (1866), 175; J. de pharm. [4], 


4 (1866), 363; Ztsch. anal. Chem. 6 (1867), 121; Ztsch. Chem. 9 
(1866), 668; Jsb. Chem. 1866, 267. 


17. KR. Frnxener. Ueber die Trennung des Kalium vom 
Natrium und mehreren anderen Substanzen vermittelst Platin- 
chlorid. Pte 


Ann. der Phys. (Pogg.), 129 (1866), 637; Chem. Centrbl. 1867, 333; 
Ztsch. anal. Chem. 6 (1867), 213. 
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18. G. DracenporFF. Ueber einige neue Reagentien auf Alka- 
loide. (Iridium trichlorid and ruthenium trichlorid.) ir, Ru. 
Pharm. Ztsch. f. Russland, 5 (1866), 82; Chem. Centrbl. 1867, 87. 


19. R. Bunsen. Flammenreactionen. (Platinum metals, pp. 
284, 285.) Par Pi. ir Rh: Os: 
Ann. Chem. (Liebig), 138 (1866), 257; Phil. Mag. [4], 32 (1866), 97, 
100; N. arch. sci. phys. nat. 27 (1866), 25; Ztsch. anal. Chem. 5 
(1866), 371; Jsb. Chem. 1866, 780; J. Frank. Inst. 55 (1868), 129, 

266. 


yen Platinum apparatus (platinized copper). Pt. 
Chem. News, 14 (1866), 179. 


21. G. C. Wirrstern. Ueber die Ursache der allmialigen Ge- 
wichtsabnahme der Platintiegel beim Glihen. Piss: 
Polyt. J. (Dingler), 179 (1866), 299; Arch. der Pharm. [2], 125 
(1866), 242; Chem. Centrbl. 1866, 79; Vierteljsch. fiir Pharm. 15 
(1866), 14; Ztsch. Pharm. ftir Russland, 4, 475; Ztsch. anal. 
Chem. 5 (1866), 98; Jsb. Chem. 1866, 267; Polyt. Notizbl. 21 
(1866), No. 2; Pharm. Centrhalle, 7 (1866), No. 1; Chem. tech. 
Mitth. (Elsner), 15 (1865-66), 140; Polyt. Centrbl. 32 (1866), 349, 

611; Deutsch. Ill. Gew. Ztg. (1866), No. 9. 


22. A. ScHEURER-KESTNER. (Use of platinum vessels in con- 
centrating sulfuric acid, and its waste.) Pt. 
Mech. Mag. (1866), Apr.; J. Frank. Inst. [3], 52 (1866), 69, 471. 


23. J.B. Tomson. (Deposition of platinum.) . Pi 
J. Frank. Inst. [3], 52 (1866), 69. 


24. R. Borreer. Ueber eine sehr geeignete Fliissigkeit zum 

Verplatiniren von Kupfer, Messing, Neusilber und dergl. Pt. 

Jsb. phys. Ver. Frankfurt, 1866-67; Polyt. J. (Dingler), 188 (1868), 

252; J. prakt. Chem. 103 (1868), 311; Bul. soc. chim. [2], 10 

(1868), 166; Polyt. Notizbl. 23 (1868), No. 10; Chem. tech. Mitth. 
(Elsner), 17 (1867-68), 173. 


25. T. Granam. On the absorption and dialytic separation of 

gases by colloid septa. Action of metallic septa at a red heat. 
(Platinum, p. 415; palladium, 426; osmium and iridium, 431.) 

Pied Oss ir: 

Phil. Trans. London, 156 (1866), 399; Proce. Roy. Soc. London, 15 

(1866), 223; Chem. News, 14 (1866), 88; J. Chem. Soc. 20 (1867), 

235; Ann. Chem. (Liebig), Suppl. bd. 5 (1867), 33, 53; Ann. chim. 

phys. [4], 12 (1867), 505; Ann. der Phys. 129 (1866), 576; C. R. 

63 (1866), 471; Chem. Centrbl. 1866, 1017; 1867, 130; l’Institut, 34 

(1866), 315; J. de pharm. [4], 4 (1866), 351; J. prakt. Chem. 99 

(1867), 126; N. arch. sci. phys. nat. 28 (1867), 193; Phil. Mag. 

[4], 82 (1866), 401, 503; Polyt. J. (Dingler), 182 (1866), 307; Ztsch. 

anal. Chem. 6 (1867), 108; Ztsch. Chem. 10 (1867), 139; Jsb. 

Chem. 1866, 43. 
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26. P. DE Witpr. Action de Vhydrogene sur l’acétyléne sous 
Vinfluence du noir de platine. (Absorption of acetylene by plati- 
num.) Pu 


Bul, Acad. sci. Bruxelles, 21 (1866), 31; Ann. Chem. (Liebig), 
Suppl. bd. 4 (1866), 378; Bul. soe. chim. 5 (1866), 175; 12 (1869), 
103; J. Frank. Inst. [3], 51 (1866), 322; Kosmos. ——. 


27. A. Marruigssen. On the expansion by heat of metals and 
alloys. (Palladium, Pogg., 130 : 59; Platinum, 60.) PdyPr 


Phil. Trans. London, 156 (1866), 861; Proc. Roy. Soe. London, 15 
(1867), 220; Ann. der Phys. (Pogg.), 130 (1867), 50; Phil. Mag. 
[4], 32 (1866), 472; Jsb. Chem. 1866, 24. 


28. V.von Lane. Orientirung der Warmeleitungsfihigkeit ein- 
axiger Krystalle. (Platinocyanid of magnesium.) Pe 
Sitzber. Akad. Wien. 54, ii (1866), 163; Ann. der Phys. (Pogg.), 
135 (1868), 29; Ann. chim. phys. [4], 16 (1869), 469; Jsb. Chem. 

1868, 58; Anzeig. Akad. Wien, 1866, 157. 


1. ——————_.._ Inidium in Canada. Te 
The Keystone News, Mar. 1 (1867); Chem. News, 15 (1867), 207. 
2. R. Waener.  Platinfabrication (auf der Pariser Ausstellung), 


aus “ Das Hervorragende auf dem Gebiete der chemischen Tech- 
nologie in der allgemeinen Industrieausstellung in Paris im Jahre 
1867,” in Kunst und Gewerbebl. d. polyt. Ver. Bayern, 1867. Pt. 


J. prakt. Chem. 102 (1867), 125; Chem. Centrbl. 1868, 464; Polyt. 
Centrbl. 33 (1867), 1282. 


3. W. VoN ScHNEIDER. Ueber Abscheidung des reinen Platins 

und Iridiums (for technical use). ‘Pt, 

Ann. Chem. (Liebig), Suppl. bd. 5 (1867), 261; Bul. soc. chim. [2], 

10 (1868), 21; Chem. Centrbl. 1868, 875; Ztsch. anal. Chem. 7 

(1868), 262; Ztsch. Chem. 11 (1868), 182; Jsb. Chem. 1867, 314, 

854; Ztsch. Pharm. fiir Russland, 1868, 406; Polyt. J. (Vingler), 

190 (1868), 118; Polyt. Centrbl. 34 (1868), 1657; Polyt. Notizbl. 23 
(1868), No. 19; Chem. tech. Mitth. (Elsner), 18 (1868-69), 192. 


4. K. Birnspaum. Ueber einige Doppelsalze des Platinchlorids. 
Pt 


Ztsch. Chem. 10 (1867), 528; Bul. soe. chim. [2], 8 (1867), 416; Jsb. 
Chem. 1867, 319; Chem. News, 17 (1868), 60. 


5. K. Brrnspaum. Ueber die Verbindungen des Aethylens und 
seiner Homologen mit dem Platinchloriir. Pi 
Ann. Chem. (Liebig), 145 (1868), 67; Ztsch. Chem. 10 (1867), 388, 
518; Chem. Centrbl. 1868, 680; Ann. chim. phys. [4], 14 (1868), 
452; Bul. soc. chim. [2], 8 (1867), 339; J. prakt. Chem. 104 (1868), 

381. 
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6. R. Weser. Ueber einige Verbindungen des Platin- und des 
Goldchlorids. (Mit Chlorwasserstoff und Nitrylchloriir.) Pt. 


Monatsber. Akad. Berlin, 1867, 77; Ann. der Phys. (Pogg.), 131 
(1867), 441; Bul. soe. chim. [2], 8 (1867), 177; Chem. Centrbl. 
1867, 329; Institut, 35 (1867), 277; J. prakt. Chem. 101 (1867), 
42; N. arch. sci. phys. nat. 30 (1867), 182; Ztsch. Chem. 10 (1867), 
382; Jsb. Chem. 1867, 319; Chem. News, 16 (1867), 24. 


?. H. H. Crorr. Notes on some compounds of palladium. 
(Chlorids and thiocyanates.) Rd! 


Chem. News, 16 (1867), 53; Ztsch. Chem. 10 (1867), 671; Bul. soc. 
chim. [2], 9 (1868), 313; Chem. Centrbl. 1868, 816; J. prakt. 
Chem. 104 (1868), 64; Jsb. Chem. 1867, 331. 


8. E. Carstangen. Ueber das Thallium und seine Verbin- 
dungen. (Thallium-Platincyaniir, p. 144.) Et 


J. prakt. Chem. 102 (1867), 129; Ztsch. Chem. 11 (1868), 69; Jsb. 
Chem. 1867, 281. 


9. P. T. Creve. Om nagra derivator af den Gros’ska Platina- 
basen, F, IT. Pie 
Handl. Akad. Stockholm [2], 7 (1867), 6; 7 (1868), 7. 


10. J. THomsen. En raekke Dobbeltchloride, henhoérende til 
Platinbasernes Gruppe. Pt. 


Oversigt. Danske Vid. Selsk. Forh. Kjébenhavn, 1867, 225; Ré- 
sumé Bul. Soe. Roy. Danske, 1867, 42; Jsb. Chem. 1868, 278. 


11. S. M. Jorcensen. Nogle analogier mellem Platin og Tin, 
et bidrag til belysning af kiselsyrens formel. Pt 
Skriften Danske Vid. Selsk. Kj6benhavn [5], 6 (1867), 449. 


12. M.C. Lea. Ona new test for hyposulphites. (Purple with 


ruthenium salts in ammoniacal solution.) Ru. 
Amer. J. Sci. [2], 44 (1867), 222; J. prakt. Chem. 103 (1868), 444. 


13. V. ScHwarzENBACH. Ueber Aequivalenzverhaltnisse der 
Eiweisskoérper. (Albumen and casein with platinum chlorid.) 
Pt. 

Ann. Chem. (Liebig), 144 (1867), 62; Bul. soe. chim. [2], 10 (1868), ~ 

57; J. prakt. Chem. 103 (1868), 57; Chem. Centrbl. 1867, 852. 


14. H. Sarnre-Ciarre Devitt. Sur les propriétés du alliage 


du platine et plombe. (Platinum lead alloy.) Pt 

C. R. 64 (1867), 1098; Polyt. J. (Dingler), 185 (1867), 83; Jsb. Chem. 
1868, 272. : 

15. ————_.._ (Alloy of platinum and steel.) Pt. 


Les Mondes, 13 (1867), No. 15; Quart. J. Sci. 4 (1867), 427. 
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16. CHurcH. Ueber das Platiniren von Eisen, Kupfer, Messing, 
U. 8. W. Pt. 


Deutsch. Gewerb. Ztg. 32 (1867), No. 43; Chem. tech. Mitth. 
(Elsner), 17 (1867-68), 173. 


17. CHurcH. Bemerkung zu dem Platinirverfahren. Em 


Polyt. Notizbl. 22 (1867), No. 22; Chem. tech. Mitth. (Elsner), 17 
(1867-68), 174. 


18. R. Borreer. Platiniiberztigen auf Glas u. s. w. Pt 


Jahrb. phys. Ver. Frankfurt, 1867-68, 64; Polyt. J. (Dingler), 192 
(1869), 475; Chem. tech. Mitth. (Elsner), 18 (1868-69), 193. 


19. G. Merz. Einige Beitrage zur Experimental-Chemie; 24. 
Platinmohr in einem Strome von mit Luft vermischtem Leuchtgas. 
J. prakt. Chem. 101 (1867), 271; Chem. Centrbl. 1868, 100. Pt: 


20. W. Artus. Anwendung des feinzertheilten Platins in der 
Schnellessigfabrication. PE 


Polyt. J. (Dingler), 186 (1867), 158; Vierteljsch. fir techn. Chem.; 
Chem. Centrbl. 1868, 272; Chem. tech. Mitth. (ElSner), 17 (1867- 
68), 171. 


1. R. W. Bunsen. Ueber das Rhodium. (Darstellung, Ab- 
scheidung, Verarbeitung des Platinriickstandes.) 

Rh, Pt Pd, ry Os; Rut 

Ann. Chem. (Liebig), 146 (1868), 265; Bul. soc. chim. [2], 11 (1869), 

308; Chem. Centrbl. 1868, 881; Chem. News, 21 (1870), 39; Phil. 

Mag. [4], 36 (1868), 253; J. Frank. Inst. [3], 58 (1869), 393; J. 

prakt. Chem. 105 (1868), 350; Ztsch. Chem. 12 (1869), 3; Jsb. 

Chem. 1868, 280. 


2. H. KAmmerrer. Ueber Chlorjodplatin. Pu 


Ann. Chem. (Liebig), 148 (1868), 329; Bul. soc. chim. [2], 11 
(1869), 411; Jsb. Chem. 1868, 272; J. prakt. Chem. 106 (1869), 250. 


3. C. Draxonow. Ueber Platincyanverbindungen der Eiweiss- 

korper. Pt. 

Med. Chem. Untersuch. (Hoppe-Seyler), 1 (1866-71), 228; Ztsch. 
Chem. 11 (1868), 67; Bul. soc. chim. [2], 10 (1868), 58. 


4. W.Sxry. On the formation of double sulphocyanides of cer- 
tain of the alkaloids. (Morphin thiocyanate, &c.) Pt 
Chem. News, 17 (1868), 184; J. prakt. Chem. 105 (1868), 420. 


5. V.Marcano. Sobre un nuevo sulfocianato de platina. Pt. 
Vargasia (Caracas), 1 (1868), 176; Bul. soc. chim. [2], 33 (1880), 
250; Ber. 13 (1880), 925; Chem. Centrbl. 1880, 277; Jsb. Chem. 

1880, 403. 
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1868: 6. P. ScHUTzENBERGER. Sur quelques réactions donnant lieu a 


1868: 


1868: 


1868: 


1868: 


la production de V’oxychlorure de carbone, et sur un nouveau 
composé volatil de platine. (Platinum carbonylchlorid.) Pi. 
C. R. 66 (1868), 666, 747; Bul. soc. chim. [2], 10 (1868), 188; Ann. 
chim. phys. [4], 15 (1868), 100; Chem. Centrbl. 1869, 623; Amer. 
J. Sci. [2], 47 (1869), 423; J. de pharm. [4], 9 (1869), 218; J. 
prakt. Chem. 107 (1869), 122, 126; Phil. Mag. [4], 35 (1868), 452; 
Ztsch. Chem. 11 (1868), 321, 382; Jsb. Chem. 1868, 174, 277; Chem. 
News, 17 (1868), 191. 


7%. EF. Wouter. Ueber das Verhalten einiger Metalle im electri- 
schen Strome. (Oxydirbarkeit des Palladiums, des Osmiums, des 
Rutheniums und des Osmiridiums.) Pa, Os, Ru, br: 


Nachr. Gesel. Wiss. Gottingen, 1868, 169; Ann. Chem. (Liebig), 
146 (1868), 375; Bul. soc. chim. [2], 10 (1868), 352; Chem. Centrbl. 
1868, 889; Ztsch. Chem. 11 (1868), 385; Jsb. Chem. 1868, 192. 


8. H. Topsér. Krystallografisk-kemisk Underségelse over Plat- 
inets dobbelthaloidsalte. (Double chlorids and bromids and iodids 
of platinum.) Pt. 


Oversigt. Danske Vid. Selsk. Forh. 1868, 123; 1869, 74; Résumé 
Bul. soc. roy. Danske, 1868, 3; 1869, 19; N. arch. sci. ph. nat. 35 
(1869), 58; 38 (1870), 297; Jsb. Chem. 1868, 273; 1870, 388; Chem. 
Centrbl. 1870, 683. 


9. H. Topsdz. (Ueber die Hydrate der Platinsiure und das 
platinsaure Barium.) Bt: 


Tidsk. Phys. Chem. 7 (1868), 321; Ber. 3 (1870), 462; Bul. soc. chim. 
[2], 14 (1870), 207; Chem. Centrbl. 1870, 424; Ztsch. Chem. 13 
(1870), 652; Jsb. Chem. 1870, 386; Chem. News, 22 (1870), 47; 
Amer. Chemist, 1 (1870), 116. 


10. T.Granam. On the occlusion of hydrogen by metals (palla- 
dium and platinum). Pd). Pe. 


Proc. Roy. Soe. London, 16 (1868), 422; Chem. News, 18 (1868), 55; 
Ann. chim. phys. [4], 14 (1868), 315; 15 (1868), 501; Phil. Mag. 
[4], 36 (1868), 63; Ann. Chem. (Liebig), 6 (1868), 284; Ann. der 
Phys. (Pogg.), 134 (1868), 321; Ann. des Mines [7], 1 (1872), 133; 
Amer. J. Sci. [2], 47 (1869), 417; Ber. 2 (1869), 382; Bul. soc. 
chim. [2], 11 (1869), 408; l’Institut, 36 (1868), 194; J. prakt. 
Chem. 105 (1868), 293; C. R. 66 (1868), 1014; N. arch. sci. phys. 
nat. 32 (1868), 148; Polyt. J. (Dingler), 191 (1869), 210, 251; 
Vierteljschr. fiir Pharm. 18 (1869), 449; Atheneum, Jan. 16 
(1869); Les Mondes, 19 (1869), 126. 


1868: 11. J. CHatmers and R. R. Tattock. On the estimation of 


potassium. (Purification of platinum residues.) PE. 
Proe. Phil. Soc. Glasgow, 6 (1868), 390; Chem. News, 17 (1868), 199. 
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12. VocELt. Verwendung durchlocherter Platintiegel. Pt. 
N. Rep. fiir Pharm. 17 (1868), 275; Ztsch. anal. Chem. 8 (1869), 
449. 
13. D.Forses. Glass and platinum forceps for manipulating in 
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18. A. Rasureavu. Recherches sur les propriétés physiologiques 

de divers sels du genre chlorure. Des albuminuries métalliques. 

(Action of palladium chlorid.) Pde 
C. R. 73 (1871), 1390; Chem. Centrbl. 1872, 8. 
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the hydrogen occluded by palladium, as indicated by the specific 
heat of the charged metal. Pd. 


J. Chem. Soe. 26 (1873), 112; Ber. 5 (1872), 996, 1062; Chem. News, 
26 (1872), 286; Chem. Centrbl. 1873, 258. 
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Ann. der Phys. (Pogg.), 145 (1872), 626; N. arch. sci. phys. nat. 
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(1873), 29; Gaz. chim. 4 (1874), 143; Bul. soc. chim. [2], 20 (1873), 
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Gewerb. Ztg. 39 (1874), No. 4; Chem. tech. Mitth. (Elsner), 23 
(1873-74), 204; Deutsch. Indust. Ztg. 14 (1873), No. 49; Polyt. 
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187; Chem. tech. Mitth. (Elsner), 24 (1874-75), 128; Repert. fiir 
exp. Physik. 10, No. 3; Deutsch. Indust. Ztg. 15 (1874), 328. 

21. A. Murcer. Recherches photochimiques sur l’emploi des 
gaz comme révélateurs, et sur influence des conditions physiques 
au point de vue de la sensibilisation. (Reduction of platinum salts 
by hydrogen.) Pred le 

C. R. 76 (1873), 1470; 77 (1873), 38; Chem. News, 28 (1873), 70. 


22. H. Pewuet. [Reduction des sels du platine par ’hydrogéne. | 
(Not reduced; reply to Merget, C. R. 77 : 38.) Pe 


C. R. 77 (1873), 112; Bul. soe. chim. [2], 20 (1873), 258; Chem. 
Centrbl. 1873; Gaz. chim. 4 (1874), 93; Jsb. Chem. 1873, 291. 


23. C. Gourpon. Nouvelles observations concernant |’influence 
des dépdts métalliques sur le zinc mis en presence des acides et des 
alcalis; nouveaux procédés d’héliogravure. (Effect of platinum 
on solution of zinc.) PE 


C. R. Assoc. Frang. 2 (1873), 302; C. R. 76 (1873), 1250; Ber. 6 
(1873), 680. 


24. C. A. GrteL. Bedingungen zur sicheren Ziindung der 
Dobereinschen Platin-Feuerzeuge. Pt 
Indust. Blatter, 10 (1873), 425; Polyt. Notizbl. 28 (1873), 30; Chem. 
Centrbl. 1874, 119; J. Chem. Soc. 27 (1874), 929; Polyt. J. (Ding- 

ler), 211 (1874), 243. 


25. KR. Borreer. Vorlesungsversuche mit activem Wasserstoff 
und Sauerstoff. Pda 
Tagebl. Naturf. Versamml. 1873, 106; Chem. Centrbl. 1873, 818. 


26. R. Bortrapr. Ueber Aufbewahrung und Eigenschaften eines 
auf elektrolytischem Wege mit Wasserstoff tibersittigten Palla- 
diumbleches. Pd 
Ann. der Phys. (Pogg.), Jubelbd. (1874), 150; J. prakt. Chem. [2], 
9 (1874), 193; Chem. Centrbl. 1874, 226; Gaz. chim. 4 (1874), 570; 
J. Chem. Soc. 27 (1874), 866, 1139; N. arch. sci. phys. nat. 51 
(1874), 185; Phil. Mag. [4], 49 (1875), 80; Jsb. Chem. 1874, 295; 

Amer. Chemist, 5 (1874), 128; 5 (1875), 425. 


27. J. J. Coguityion. Action du platine et du palladium sur 

les hydrocarbures. Pt, Pde 

C. R. 77 (1873), 444; Ber. 6 (1873), 1264; Bul. soc. chim. [2], 20 

(1873), 493; Chem. Centrbl. 1873, 611; Chem. News, 28 (1873), 

125; J. Chem. Soc. 26 (1873), 1214; J. Russ. Chem. Soe. 6, ii 
(1874), 28. 
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28. A. Vou~iER. Ueber Aenderungen der elektromotorischen 

Kraft galvanischer Combinationen durch die Wirme (Platin in 

Salpetersiure). (Inaug. Diss.) Bt: 
Ann. der Phys. (Pogg.), 149 (1873), 394; Jsb. Chem. 1873, 122. 


29. P. A. Favre. Recherches thermiques sur la condensation 

des gaz par les corps solides. Absorption de V’hydrogéne par le 

noir de platine. Pt 
C. R. 77 (1873), 649; Chem. News, 28 (1873), 213; J. Chem. Soe. 27 

(1874), 15. 

30. H. Scuroprer. Dichtigkeitsmessungen, Heidelberg, 1873. 

(Density of potassium and ammonium chloroplatinates.) Pt. 
Jsb. Chem. 1879, 32. 


1. H. J. Burkart. Ueber neue mexicanische Fundorte einiger 
Mineralien. (Occurrence of platinum in Mexico, p. 594.) Pu: 


Neues Jahrb. Mineral. 1874, 587; Ding]. pol. J. 240 (1881), 213; Jsb. 
Chem. 1874, 1230; J. Chem. Soc. 28 (1875), 551. 


2. A. FrRENzEL. Mineralogisches [8. Eisenplatin]. (From Rus- 
sia, p. 684.) Piz 
Neues Jahrb. Mineral. 1874, 673; Jsb. Chem. 1874, 1230. 


3. H. Morty. L’un lingot de 250 kilogrammes de platine et 
Viridium alliés, fondu, ete. (Properties of alloy.) Pt ir. 


C. R. 78 (1874), 1502; Dingl. pol. J. 213 (1874), 337; Jsb. Chem. 
1874, 1065; J. Russ. Chem. Soe. 6, ii (1874), 298; Polyt. Centrbl. 
40 (1874), 966; Amer. Chemist, 5 (1874), 146. 


4. I. Betustern. Die chemische Grossindustrie auf der Weltaus- 
stellung zu Wien, 1873. (Platinum manufactory of Johnson, 
Matthey and Co.) Pt; Pdo ir, Kh. Os; Ru. 


Polyt. J. (Dingler), 211 (1874), 155; Chem. Centrbl. 1874, 176; Jsb. 
Chem. 1874, 1064. 


5. ————————. _ Production of platinum. Pt 
Amer. Chemist, 4 (1874), 440; from Engineering. 


6. H.Sarnt-Ciatre DEvILLeE, H. DeBray and H. Morin. (Sepa- 

ration of iridium from platinum ores, platinum-iridium alloys, 

and normal metre; also poisonous qualities of osmium.) Pt, Ir, Os. 

Technologiste, 36 (1874), 194; Chem. Centrbl. 1874, 609; Polyt. 
Centrbl. 40 (1874), 966. 

%. L. J. Troost and P. HaAvrTereviLte. Note sur le palladium 

hydrogéne. Densité de ’hydrogéne combiné avec métaux. Pd. 


C. R. 78 (1874), 686, 968; Ann. chim. phys. [5], 2 (1874), 279, 287; 
Bul. soe. chim. [2], 22 (1874), 118, 120; Ann. der Phys. (Pogg.), 
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153 (1874), 144; Ber. 7 (1874), 480; Chem. Centrbl. 1874, 276: 
Chem. News, 29 (1874), 196; J. Chem. Soc. 27 (1874), 660; J- 
prakt. Chem. [2], 9 (1874), 199; Phil. Mag. [4], 47 (1874), 397; 
Jsb. Chem. 1874, 293; J. Russ. Chem. Soe. 6, ii (1874), 165; Amer.. 
Chem. 5 (1874), 143. 


8. J. Mourrer. Sur la chaleur dégagée par la combinaison de 
Vhydrogéne avec les métaux. Pde 
C. R. 79 (1874), 1242; Chem. Centrbl. 1875, 138; l'Institut, 42 (1874), 

412; Jsb. Chem. 1874, 112. 
9. P. A. Favre. Recherches sur V’hydrogéne. (Heat develop- 
ment of platinum-hydrogen and palladium-hydrogen.) Pt /Pd. 


C. R. 78 (1874), 1257; Ber. 7 (1874), 737; Jsb. Chem. 1874, 111; Bul. 
soc. chim. [2], 22 (1874), 486. 


10. P. A. Favre. Recherches thermiques sur la condensation 

des gas par les corps solides et la chaleur dégagée dans l’acte de 

cette absorption. (Condensation of hydrogen by platinum and 

palladium, p. 215, 227, 256.) Pied 
Ann. chim. phys. [5], 1 (1874), 209. 


11. J. L. Smrrn. Condensation of air on the surface of plati- 
num. Pt. 


Amer. Chemist, 5 (1874), 212; Chem. News, 31 (1875), 55; J. Chem. 
Soe. 28 (1875), 480. 


12. J.L.Smirxg. <A ready method of showing the absorption of 
hydrogen by palladium. Pde 


Amer. Chemist, 5 (1874), 213; Chem. News, 31 (1875), 56; Jsb. 
Chem. 1874, 177; J. Chem. Soc. 28 (1875), 424. 


13. J. THomsen. Beryllinm-Platinchlorid. Pie 
Ber. 7 (1874), 75; Chem. Centrbl. 1874, 245. 
14. A. Wetxow. Beryllium-Palladiumehlorid. Pd. 
Ber. 7 (1874), 38; Bul. soc. chim. [2], 21 (1874), 273; Chem. Cen- 
trbl. 1874, 245; Chem. News, 29 (1874), 155; Gaz. chim. 4 (1874), 
278. 
15. A. Wexxow. Beryllium-Palladiumchloriir. Pde 
Ber. 7 (1874), 803; Bul. soc. chim. [2], 22 (1874), 499; Chem. 
Centrbl. 1874, 467; Gaz. chim. 5 (1875), 61. 
16. A. Wextxow. Alumjnium-Platinchlorid. bb 


Ber. 7 (1874), 304; Bul. soc. chim. [2], 22 (1874), 153; Chem. 
Centrbl. 1874, 292; Gaz. chim. 4 (1874), 302. 


17. A. Wetxow. Aluminium-Palladiumchloriir. Pd. 

Ber. 7 (1874), 802; Bul. soe. chim. [2], 22 (1874), 499; Chem. 

Centrbl. 1874, 467; Chem. News, 29 (1874), 265; Gaz. chim. 5 
(1875), 61; J. Russ. Chem. Soc. 6, ii (1874), 313. 
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18. P. T. Creve. Bidrag till jordmetallernas kemi. (Chlorids 

and cyanids of platinum and thorium, No. 6; lanthanum, 7; didy- 

mium, 8; yttrium, 12; erbium, 12.) Ee 

Bihang. Akad. Handl. (Stockholm), 2 (1874), 6, 7, 8, 12; Bul. soc. 
chim. [2], 21 (1874), 115, 196, 246, 344; Ber. 8 (1875), 128. 


19. [F. WouteR.| Palladiumoxydul in Wasserstoffgas. Pd. 
Nachrichten, Gottingen, 1874, 420; Ann. Chem. (Liebig), 174 
(1874), 60; Bul. soc. chim. [2], 23 (1875), 267; Gaz. chim. 6 
(1876), 213; Chem. Centrbl. 1874, 770; Jsb. Chem. 1874, 295; 
Ztsch. ges. Wiss. 11 (1875), 68; Amer. Chemist, 5 (1875), 384; 

J. Russ. Chem. Soe. 7, ii (1875), 8. 


20. [F. WoéuteR.] Notiz iiber ein Palladiumsalz. (Sodium 

palladium sulfite.) Pd. 

Nachrichten, Gottingen, 1874, 419; Ann. Chem. (Liebig), 174 

(1874), 199; Bull. soc. chim. [2], 23 (1875), 267; Chem. Centrbl. 

1874, 803; Chem. News, 30 (1874), 275; Gaz. chim. 6 (1876), 224; 

Jsb. Chem. 1874, 296; Ztsch. ges. Wiss. 11 (1875), 67; Amer. 
Chemist, 5 (1875), 353; J. Chem. Soc. 28 (1875), 134. 


21. W. Sxey. On the formation of certain double metallic 


sulphocyanides (of platinum with anilin). Pte 
Chem. News, 30 (1874), 33; Ber. 7 (1874), 1459; Jsb. Chem. 1874, 
300. 


22. W.SxKey. Notes upon the production of certain double salts 
of the aniline bases and indigo with metallic salts (with platinum 


chlorid and thiocyanate). Pts 
Chem. News, 30 (1874), 33; Ber. 7 (1874), 1459; Jsb. Chem. 1874, 
300. 


23. R. Scunemper. Ueber neue Schwefelsalze. (Summary.) 
Piwbde 
Ann. der Phys. (Pogg.), 153 (1874), 588; J. prakt. Chem. [2], 11 
(1875), 91; J. Chem. Soc. 28 (1875), 533. 
24. §S. Jonin. Om cerium och dess foreningar. (Double chlorids 
and cyanids of platinum and cerium.) 
Bihang. Akad. Handl. 2 (1874), 14; Bul. soe. chim. [2], 21 (1874), 


533. 
25. F.Gramp. Ueber Affinitaitsverhaltnisse der Halogenmetall- 
verbindungen. (Platinum and palladium.) Pt, Pd 
Ber. 7 (1874), 1723; J. Chem. Soc. 28 (1875), 423; Jsb. Chem. 1874, 

49, 


26. G. Krause. Beitrag zur Bestimmung des Kalium als 

Kaliumplatinchlorid. Pi 

Arch. fiir Pharm. 205 (1874), 407; Ztsch. anal. Chem. 14 (1875), 

184; Pharm. Journ. 5 (1875), 782; Jsb. Chem. 1874, 978; Amer. 
Chemist, 6 (1876), 437. 
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2%. H. SarnTE-CLaIRE DEVILLE and H. Despray. Sur une pro- 

priété nouvelle du rhodium metallique. (Reduction of formic 

acid.) Rhee Ep Pd ir 

C. R. 78 (1874), 1782; Bul. soc. chim. [2], 22 (1874), 360; Ber. 7 

(1874), 1038; Chem. Centrbl. 1874, 513; Chem. News, 30 (1874), 

98; J. Chem. Soc. 27 (1874), 1076; Jsb. Chem. 1874, 296; J. Russ. 
Chem. Soe. 6, ii (1874), 301. 


28. H. SAInTE-CLAIRE DEVILLE. [| Poisonous qualities of osmic 

acid. | Os. 
C. R. 78 (1874), 1509; Chem. Centrbl. 1874, 610. 

29. G. Vutprius. Ueber Platinreduction. (Preparation of plat- 


inum sponge.) Pe 
Arch. fiir Pharm. 205 (1874), 417; Chem. Centrbl. 1874, 786; J. 
Chem. Soe. 29 (1876), 192; Jsb. Chem. 1874, 294; Amer. Chemist, 

6 (1876), 437. 


30. C. A. WinKLER. Ueber die Loslichkeit des legirten Platins 
in Salpetersiure. (When alloyed with silver, copper, lead, bis- 


muth, or zinc.) Pt 
Ztsch. anal. Chem. 13 (1874), 369; Chem. Centrbl. 1875, 162; J. 
Chem. Soc. 13 (1875), 428; Berg u. Hiitten Ztg. 34 (1875), 145; 
J. Russ. Chem. Soe. 7, ii (1875), 27; Amer. Chemist, 5 (1875), 

402. * 
31. H. Topsor. Beitrage zur krystallographischen Kenntniss 
der Salze der seltenen Erdmetalle. (Double platinum chlorids 


and cyanids.) Pe 
Bihand. Akad. Handl. (Stockholm), 2 (1874), 5; Ber. 8 (1875), 129. 


32. A. H. L. Firzzav. Dilation du alliage platine-iridium. 
C. R. 78 (1874), 1205; Jsb. Chem. 1874, 70. Ir, Pe 


33. J. L. Smirxg. Gold-lined capsules and crucibles. Pt 
Amer. Chemist, 5 (1874), 213; Chem. News, 31 (1875), 55; Dingl. — 
pol. J. 219 (1876), 183; Jsb. Chem. 1876, 1096; Chem. tech. Mitth. 
(Elsner), 25 (1875-76), 203; Ztsch. anal. Chem. 14 (1875), 329. 


34. H.CarmicHarEL. (Platinum digestor.) Pie 
Proce. Amer. Assoc. 1874; Amer. Chemist, 5 (1874), 163. a 
35. EK. RetcnHarpt. Briichiges Platin. (With silicon.) Ptr 


Arch, ftir Pharm. 205 (1874), 123; Chem. Centrbl. 1874, 595; Ding. 
pol. J. 213 (1874), 445; 240 (1881), 217; Jsb. Chem. 1874, 294; 
Amer. Chemist, 6 (1875), 155. 


36. A. PonaIn. De la résistance du bronzephosphoreux et de 
ses applications dans Vindustrie. (Plating phosphorbronze with 


platinum.) Pu 
Rev. Univ. des Mines, 35 (1874), 595; Dingl. pol. J. 217 (1875), 494. 
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3%. P. pE WitpE. Action de Vhydrogéne sur l’acétyléene et 
Péthyléne sous influence du noir de platine. Pi: 


Bul. Acad. Sci. Bruxelles, 37 (1874), 73; Ber. 7 (1874), 353; Bul. 
soc. chim. [2], 21 (1874), 446; J. Chem. Soc. 27 (1874), 882. 


38. R. C. Borrerr. Ueber Aufbewahrung und Ejigenschaften 
eines auf elektrolytischem Wege mit Wasserstoff iibersiittigten 
Palladiumbleches. ide 


J. prakt. Chem. 9 (1874), 193; Tageblatt Naturf. Versamml. 1875, 
54; Chem. Centrbl. 1875, 643; J. Russ. Chem. Soe. 7, ii (1875), 97. 


39. M. Travuse. Zur Theorie der Fermentwirkung. (Platinum 
black on sugar.) Pt. 


Ber. 7 (1874), 115; Ztsch. anal. Chem. 13 (1874), 349; N. arch. sci. 
phys. nat. 49 (1874), 141; Jsb. Chem. 1874, 951. 


40. E. HaGensacu-Biscuorr. Fernere Versuche iiber Fluores- 
cenz. (Of platinocyanids, p. 309.) Pr 
Ann. der Phys. (Pogg.), Jubelb. (1874), 303; Jsb. Chem. 1874, 155. 


41. H. Topsér. Krystallographisch-chemische Untersuchungen 
(tiber Baryumplatinchlorid und Natriumplatinumbromid). Pt. 
Sitzber. Wien. Acad. 69, ii (1874), 261; Jsb. Chem. 1874, 179. 


42. Wiis, Jr. (Platinum and iridium in photography.) Pt, Ir. 


Polyt. Notizbl. (1874), No. 6; Amer. Chemist, 5 (1874), 153; Chem. 
Centrbl. 1874, 583; J. Chem. Soe. 27 (1874), 1019. 


43. D. Macatuso. Untersuchung iiber die galvanische Polarisa- 

tion durch Chlor und Wasserstoff. Ueber die electromotorische 

Kraft des mit kleinen Mengen von Chlor beladenen Platins. Pt. 
J. prakt. Chem. 29 (1874), 225; J. Chem. Soc. 27 (1874), 1044. 


1. A. DescuorzEau. Note sur élément pyroxénique de la roche 
associée au platine de l’Oural. Pe 
C. R. 80 (1875), 785; J. Chem. Soc. 28 (1875), 623. 


2. G.A.DavBrEE. Association, dans l’Oural, du platine natif a 
la roches a base de péridot; relation dorigine qui unit ce 
métal avec le fer chromé. (Matrix of platinum.) is 
C. R. 80 (1875), 707; Bul. Géol. Soc. (Paris), 3 (1875), 311; Neues 
Jahrb. Mineral. 1875, 540; Jsb. Chem. 1875, 1194; Ann. des Mines 
[7], 9 (1876), 123; Amer. Chemist, 6 (1876), 469; Le Technol. 

1876, No. 7. 


: 38. H. SarinTe-CuatrE DEVILLE. Sur les alliages de platine et 


de fer. (Rejoinder to Daubrée, 1875: 27.) PE vie 


C. R. 80 (1875), 589; Chem. News, 31 (1875), 171; J. Chem. Soe. 28 
(1875), 534; Jsb. Chem. 1875, 232, 1196; 1880, 362; Monit. scientif. 
[3], 6 (1876), 548; Chem. Industrie, 3 (1880), 22. 


156 


1875: 


1875: 


LS hot 


1875: 


1875: 


S75: 


1875: 


1875: 


1875: 


1875: 


erica 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 


4. K. L. F. von SANDBERGER. [Barytglimmer vom Habach- 
thal; Brauneisenerz-Pseudomorphosen, welche Platin enthalten, 
aus Mexico. | Pts 

Neues Jahrb. Mineral. 1875, 625; J. Chem. Soc. 29 (1876), 54; Jsb. 


Chem. 1875, 1194. 


5. ——————.._ Werth von Metallen. Pt, Pde, dh yOs, Ba. 


Berg und Hiitten Ztg. 34 (1875), 244 (rom Mining and Sci. 
Press); Chem. Centrbl. 1875, 544. 


6. —————.. Zur Industrie der Edelmetalle. (Scheidung 
der alten Thaler in Frankfurt a. M.) Pt, Pd: 
Indust. Blatter, 12 (1875), 386; Dingl. pol. J. 218 (1875), 376. 
7. ————.. (Apparatus at Conservatory of Arts and Meas- 
ures [Paris] for fusion of platinum.) Pte 
Amer. Chemist, 5 (1875), 354; from La Nature. 

8. —————.. (Forging of a platinum ingot.) Pie 
Amer. Chemist, 5 (1875), 394; from La Nature. 

9. J. R. von Wacner. Ueber die Verwendbarkeit des Broms in 


der Hydrometallurgie, der Probirkunst, und der chemischen 
Technologie. (Extraction of platinum.) Pi 


Chem. Centrbl. 1875; Dingl. pol. J. 218 (1875), 254; Bul. soc. chim. 
[2], 25 (1876), 138. 


10. J. L. Smirg. <A convenient instrument for showing the 


absorption of hydrogen gas by palladium. (Read at A. A. A. S.,. 
1875.) Pd, Pia 


Amer. Chemist, 6 (1875), 106; Jsb. Chem. 1875, 153; Gazz. chim. 
ital. 6 (1876), 101; Rev. scientif. Feb. (1876). 


11. L. H. Laupy. The occlusion of hydrogen by palladium. 
Amer. Chemist, 5 (1875), 362; Jsb. Chem. 1875, 154. Pas 


12. L. Troost and P. HAUTEFEUILLE. Sur la dissolution de- 


Vhydrogéne dans les métaux. Pde 
C. R. 80 (1875), 788; Chem. News, 31 (1875), 196. 


13. R. Goprrrroy. Eimige neue Salze und Reactionen des. 

Caesiums und Rubidiums. (Double platinum chlorids.) Pt 

Ber. 8 (1875), 9; Pharm. Ztsch. Russl. 14 (1875), 35; Ztsch. anal.. 
Chem. 14 (1875), 92. 


14. A. von LasauLx. Ueber die Krystallformen des Natrium- 
iridium- und des Natriumrhodium-Sesquichloriirs. iy, Rhe 
Neues Jahrb. Min. 1875, 128. 
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15. B. Dretacnwanat and A. Meret. Sur une composé de 
platine, d’étain et d’oxygéne, analogue au pourpre de Cassius. 
(Oxyde platinostannique de M. Dumas.) Pt 


C. R. 81 (1875), 370; Bul. soc. chim. [2], 24 (1875), 435; Ber. 8 
(1875), 1353; Chem. Centrbl. 1875, 625; Chem. News, 32 (1875), 
157; Gaz. chim. 6 (1876), 159; J. Chem. Soc. 29 (1876), 48; Jsb. 
Chem. 1875, 232; J. Russ. Chem. Soc. 7, ii (1875), 404; Amer. 
Chemist, 6 (1876), 319. 
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16. 8. Kern. On the action of sulphocyanides on palladium 
chloride and nitrate. (No precipitate.) Pd: 


Chem. News, 32 (1875), 242; J. Russ. Chem. Soe. 7, i (1875), 316; 
Ber. 8 (1875), 1684; Ztsch. anal. Chem. 17 (1878), 491; Jsb. Chem. 
1875, 233. 


17. S. Kern. On some reactions of iodine and palladium 
chloride with potassium ferrocyanide. Pd: 


Chem. News, 33 (1876), 184; J. Russ. Chem. Soe. 7, i (1875), 316; 
J. Chem. Soe. 30 (1876), 325. 


18. H. Sarnte-CuaireE DEVILLE and H. Desray. Du ruthe- 
nium et de ses composés oxygénés. Ru. 


C. R. 80 (1875), 457; Ann. chim. phys. [5], 4 (1875), 537; Bul. soc. 
chim. [2], 24 (1875), 191; Ber. 8 (1875), 339; Chem. Centrbl. 1875, 
258; J. Chem. Soc. 29 (1876), 48; Jsb. Chem. 1875, 233; Amer. 
Chemist, 6 (1875), 189; 6 (1876), 396; Gazz. chim. ital. 6 (1876), 
518. 


19. A. ATTERBERG. Sur quelques combinaisons du glucinium 
(platinocyanid). Rix 
Bul. soc. chim. [2], 24 (1875), 358; Gazz. chim. ital. 6 (1876), 159. 


20. V. A. Vipau. Note sur les cuprocyanures et le pallado- 
cyanure de potassium. Pad: 


J. de pharm. 22 (1875), 321; Amer. Chemist, 6 (1876), 319; Gazz. 
chim. ital. 6 (1876), 224; J. Chem. Soe. 31 (1877), 456. 


21. F. Senmi (and C. Betrettt). Nuovi reattivi per riconoscere 
e discernere gli alcaloidi venefici. (Potassium iodoplatinate as a 
reagent for the alkaloids.) PE: 


Mem. Acead. Sci. Bologna, 6 (1875), 189, 201; Rendiconti. Accad. 
Sci. Bologna, 1875, 104, 153; Gaz. chim. 5 (1875), 255; J. Chem. 
Soe. 29 (1876), 113, 114; Ber. 8 (1875), 1198; 9 (1876), 196; Bul. 
med. d. Bologna, 19, 321. 


22. H.Zencer. Eine bis jetzt vernachlissigte Iodquelle. (Siiss- 
wasserpflanzen.) (Detection of iodin by palladium iodid.) PGE 


Arch. fiir Pharm. 206 (1875), 137; J. Chem. Soc. 29 (1876), 876; 
Amer. Chemist, 6 (1876), 259; Ztsch. anal. Chem. 14 (1875), 368. 
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23. W. C. Lossen. Notiz tiber die reducirende Wirkung des. 
Hydroxylamins (auf Platinchlorid). Puy 
Ber. 8 (1875), 357. 


24. V. Meyer and J. Locuer. Ueber die Einwirkung der 

Sauren auf nitrirte Fettkorper. (Action of hydrogen on hydroxyl- 

amin in presence of platinum tetrachlorid.) Pi. 
Ber. 8 (1875), 219 (foot-note). 


25. T. J. Farruey. On new solvents for gold, silver, platinum, 

&e., with an explanation of the so-called catalytic action of these 

metals and their salts on hydrogen dionide (dioxid). Pt. 
Brit. Assoc. Rep. 45 (1875), 42 (title only); Ber. 8 (1875), 1600. 


26. H. SAINTE-CLAIRE DEVILLE and H. DeBRAy. De la densité 
du platine et de Viridium purs, et de leur alliages. Pips 
C. R. 81 (1875), 839; Bul. soc. chim. [2], 26 (1876), 157; Ber. 8 
(1875), 1591; Chem. Centrbl. 1876, 4; Chem. News, 32 (1875), 281; 
Amer. J. Sci. [3], 11 (1876), 142; Monit. scient. [3], 6 (1876), 75; 
Phil. Mag. [4], 50 (1875), 558; J. Chem. Soe. 29 (1876), 523; Ztsch. 
anal. Chem. 15 (1876), 451; Jsb. Chem. 1875, 231; J. Russ. Chem. 
Soe. 8, ii (1876), 109; Amer. Chemist, 6 (1876), 398; J. de pharm. 

23 (1876), 168; Gazz. chim. ital. 6 (1876), 475. 


27. G. A. Dauprer. Expériences sur limitation artificielle du 


platine natif magnétipolaire. Pie 


C. R. 80 (1875), 526; Ann. des Mines [7], 9 (1876), 123; Bul. géol. 
soc. Paris, 3 (1875), 310; Dingl. pol. J. 240 (1881), 216; Jsb. 
Chem. 1875, 1195. 


28. A. ScHEuRER-KerstNeER. Dissolution du platine dans l’acide 
sulfurique, pendant Vopération industrielle de la concentration. 
Pt. 


C. R. 81 (1875), 892; Bul. soc. chim. [2], 24 (1875), 501; Ber. 8 
(1875), 1593; Amer. J. Sci. [3], 11 (1876), 216; Chem. Centrbl. 
1876, 8; Chem. News, 32 (1875), 281; Gaz. chim. 6 (1876), 162; J. 
Chem. Soe. 29 (1876), 345; Amer. Chemist, 6 (1876), 296, 356. 


29. A. Bauer. Ueber die Einwirkung von Schwefelsiure auf 
Blei. (And lead platinum alloys.) Pt 
Ber. 8 (1875), 212; Chem. Centrbl. 1875, 211. 


5: 30. P. Wrisxorr. Kupferlegirung und Silber intensiv schwarz 


zu farben. (Durch Platinchloriir.) . Pt. 
Ding. pol. J. 215 (1875), 470. 
31. Heyy. [Pflug’s Platinfarbe. ] Pi. 


Gewerbeblatt f. Grossh. Hessen, 38 (1875), 229; Polyt. Notizbl. 30 
(1875), 267; Chem. Centrbl. 1875, 710; Amer. Chemist, 6 (1875), 
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: 82. J. J. Coquitiion. Sur laction du platine et du palladium 
sur les hydrocarbures de la série benzénique. (Oxidation.) Pt, Pd. 


C. R. 80 (1875), 1089; Ber. 8 (1875), 697; Chem. News, 31 (1875), 
239: J. Chem. Soe. 28 (1875), 1188. 


: 38. P. CHampion, H. PELLET, and GRENIER. Application de 

Vélectricité a Vinflammation des fourneaux de mine, torpilles, etc., 

et 4 Vindustrie miniére. (Amorces a fils de platine, p. 84.) Pt. 
Ann. chim. phys. [5], 5 (1875), 28. 


: 1. <A. Terreit. Analyse du platine natif magnetique de 

Nischne-Tagilsk. Pi 

Bul. soe. chim. [2], 25 (1876), 482; C. R. 82 (1876), 1116; Ber. 9 

(1876), 850; Chem. Centrbl. 1876, 408; Chem. News, 33 (1876), 

213; Gaz. chim. 7 (1877), 1116; J. Chem. Soc. 30 (1876), 386; Jsb. 
Chem. 1876, 290, 1218. 


: 2. G. A. Dauprer. Presence du nickel dans le platine natif. 
C. R. 82 (1876), 1116; Jsb. Chem. 1876, 290. Pt. 


: 8. G. von Ustar. Die Platin und Silber fiihrende Seifen von 
Santa Maria de las Animos (Mexico). Bee 
Berg und Hiitten Ztg. 35 (1876), 88; Dingl. pol. J. 240 (1881), 213. 


: 4. H. ROsster. Ueber das Vorkommen von Palladium, Platin 
und Selen in den Silbermiinzen. Pe Pde 


Ann. Chem. (Liebig), 180 (1876), 240; Bul. soc. chim. [2], 27 
(1877), 284; Amer. J. Sci. [3], 11 (1876), 486; Jsb. Chem. 1876, 
285. 


: 5. Frantz. Russlands Montanproduction. Pt 
Oberschles. Ztsch. (1876), No. 16; Berg und Hiitten Ztg. 35 (1876). 
179; Chem. Centrbl. 1876, 384. 
: 6. BracHetit. Jahrliche Metallproduction. Pu 
Berg und Hiitten Ztg. 35 (1876), 179 (from Die Staaten Europa’s) ; 
Chem. Centrbl. 1876, 368. 
; 7. ——————.._ Die Preise aller Metalle. Pt, Pd, Ir, Rh, Os,-Ru. 
Berg und Hiitten Ztg. 35 (1876), 410 (from Stummer’s Ingenieur) ; 
Chem. Centrbl. 1877, 160. 
: 8. —————_. Zur Darstellung des Platins. (Kditorial re- 
view.) Pt 
Ding]. pol. J. 220 (1876), 95. 
: 9. J. Puiripp. Darstellung Platins von Heraeus (auf der Wiener 
Ausstellung). | Pied. he: Rh. Oss hue 


Amtiicher Ber. iiber Wiener Ausst. Heft. 20, 999; Dingl. pol. J- 
220 (1876), 95; Jsb. Chem. 1876, 1075. 
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1876: 10. E. H. Sarnre-Ciatre DEVILLE and J. H. Drespray. De 
Vosmium. (Preparation and properties.) Os. 


C. R. 82 (1876), 1076; Ber. 9 (1876), 848; Bull. soc. chim. [2], 26 
(1876), 339; Chem. Centrbl. 1876, 417; Chem. News, 33 (1876), 
230; Gaz. chim. 7 (1877), 34; J. Chem. Soc. 30 (1876), 279; Ztsch. 
anal. Chem. 15 (1876), 454; Jsb. Chem. 1876, 301; Amer. Chemist, 
7 (1876), 120. 


1876: 11. HE. H. Sarnte-Ciaire DEVILLE and J. H. DeBray. Sur les 
propriétés physiques et chimiques du ruthenium. (Important 
memoir on preparation, crystallization, analysis, alloys, and tet- 
roxid.) Ru. 

C. R. 83 (1876), 926; Ber. 9 (1876), 1935; Chem. Centrbl. 1877, 66; 
Chem. News, 34 (1876), 265; J. Chem. Soc. 31 (1877), 443; J. de 


pharm. 25 (1877), 182; Jsb. Chem. 1876, 302, 1004; J. Russ. Chem. 
Soc. 9, ii (1877), 245; Amer. Chemist. 6 (1876), 277. 


1876: 12. L.F. Nizson. Zur Frage tiber die Valenz der seltenen Erd- 
metalle. (Chlorplatinates of the rare earths, and iron, chromium, 
indium, aluminum and tin.) Pi 


Ber. 9 (1876), 1056, 1142; Jsb. Chem. 1876, 292; Bul. soc. chim. [2], 
27 (1877), 206; J. Russ. Chem. Soe. 9, ii (1877), 98; Amer. Chem- 
ist, 7 (1876), 242. 


1876: 13. L. F. Nirson. Untersuchung iiber Chlorosalze und Doppel- 
nitrite des Platins. Pte 


Nova Acta. Soe. Sci. Upsala, [3], vol. extraord. (1877), No. 15, 
Oefversigt Akad. Handl. (Stockholm), 33 (1876), No. 6, 3, 11, 23; 
Ber. 9 (1876), 1722; Bul. soe. chim. [2], 27 (1877), 208, 210, 242; 
Chem. Centrbl. 1877, 98, 291; 1878, 212; Chem. News, 34 (1876), 
270; 36 (1877), 183; 37 (1878), 31; Gaz. chim. 7 (1877), 1532; 8 
(1878), 160; J. Chem. Soc. 32 (1877), 115, 277; 34 (1878), 274; J. 
prakt. Chem. [2], 15 (1877), 177, 260; 16 (1877), 241; Jsb. Chem. 
1876, 295; 1877, 310: 


1876: 14. A. Guyarp (H. Tamm). Note sur le siliciure de platine. Pt. 


Bul. soe. chim. [2], 25 (1876), 510; Ding]. pol. J. 240 (1881), 217; 
Gaz. chim. 8 (1878), 522; J. Chem. Soe. 30 (1876), 384; Jsb. Chem. 
1876, 292; J. Russ. Chem. Soc. 9, ii (1877), 98; Amer. Chemist, 7 
(1877), 322. 


1876: 15. J.B. J. Bousstneautr. Sur la siliciuration du platine et de 
quelques autres métaux. Pt, Pd, Ru, ies 

C. R. 82 (1876), 591; Ann. chim. phys. [5], 8 (1876), 145; Ber. 9 

(1876), 503; Bul. soc. chim. [2], 26 (1876), 265; Chem. Centrbl. 

1876, 307; Chem. News, 33 (1876), 148; Ding]. pol. J. 225 (1877), 

108; Gaz. chim. 6 (1876), 496; J..Chem: Soe. 30 (1876), 47; Jsb. 

Chem. 1876, 291; J. Russ. Chem. Soe. 8, ii (1876), 392; 9, ii (1877), 
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16. F. Kritcer. Ueber Isomerien bei organischen Sulfinver- 
bindungen. (Platinum salts of sulfur bases.) Pt. 
J. prakt. Chem. [2], 14 (1876), 193; Gazz. chim. ital. 7 (1877), 246. 


17%. W. Herntz. Ein neues, zwei verschiedene Ammoniakbasen 
enthaltendes Platinsalz. (Triacetonamin und Triacetonalkamin.) 
Pt 
Ann. Chem. (Liebig), 183 (1876), 317; Bull. soc. chim. [2], 28 
(1877), 20; J. Chem. Soe. 31 (1877), 592; Amer. Chemist, 7 (1877), 
360. 

18. G. QuUESNEVILLE. Action de ’ammoniaque et des ammoni- 
aques composées sur les chlorures phosphoplatineux et phospho- 
platinique. Pt. 

Monit. scient. [3], 6 (1876), 659; Jsb. Chem. 1876, 298. 


19. P. Casamagor. On the amalgamation of iron and of some 
other metals. (Platinum and palladium amalgam.) Pt; Pd. 
Amer. Chemist, 6 (1876), 450; Chem. News, 34 (1876), 34; Engin. 
Mag. 15 (1876), 305; Jsb. Chem. 1876, 281; Archiv Pharm. [3], 
11 (1877), 464; J. Chem. Soc. 34 (1878), 474. 
20. G. H. Brtuines. The properties of iron alloyed with other 
metals. (With platinum, p. 451.) Pir 
Trans. Amer. Inst. Min. Eng. 5 (1876), 447; Dingl. pol. J. 228 
(1878), 430; Eng. and Min. J. 23 (1877), 415. 


21. A. CHatin. Des causes d’insuccés dans la recherche de 

minimes quantités diode. (Detection of iodin by palladium 

chlorid.) Pd: 
C. R. 82 (1876), 128; Ztsch. anal. Chem. 15 (1876), 460. 


22. F. Brecker. Ueber einige Tellurverbindungen. (Separa- 
tion of tellurium and platinum, Ann. Chem., p. 268.) Pete 


Sitzber. Phys. Med. Soc. Erlangen, 8 (1876), 23; Ann. Chem. (Lie- 
big), 180 (1876), 257; Ztsch. anal. Chem. 15 (1876), 338. 


23. M.KretscHy. Ko6nnen die indirecten Methoden der Alkah- 
bestimmung sich gegenseitig controliren oder zu Controle der 
directen Methoden verwendet werden? (Bestimmung des Kalis 


mittelst Chlorplatin, p. 49.) Pt 
Ztsch. anal. Chem. 15 (1876), 37. 


24. §. Kern. On the action of magnesium on some metallic 
salts. (Platinum salts, p. 112; palladium salts, 236.) Pe Pd. 
Chem. News, 33 (1876), 112, 236; Bul. soe. chim. [2], 27 (1877), 111. 


25. S. Kern. On some reactions of iodine and palladium 
chloride with potassium ferrocyanide. Pd: 


Chem. News, 33 (1876), 184. 
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26. E. H. Satnre-CuarreE Drvitytr and J. H. Desray. De la 
decomposition de l’eau par le platine. Pb 
C. R. 82 (1876), 241; Bul. soe. chim. [2], 26 (1876), 268; J. de pharm. 
23 (1876), 166; Ber. 9 (1876), 355; Chem. Centrbl. 1876, 193; Chem. 
News, 33 (1876), 74; J. Chem. Soc. 30 (1876), 43; Amer. J. Sci. 
[3], 11 (1876), 318; Jsb. Chem. 1876, 299; Gazz. chim. ital. 6 
(1876), 475. 
27%. KF. WouLER. Notiz tiber das Verhalten des Paliadiums in 
der Alkoholflamme. (Decomposition of alcohol and ethylene.) 
Bas 
Nachrichten, G6ttingen, 1876, 489; Ann. Chem. (Liebig), 184 
(1877), 128; Ber. 9 (1876), 1713; Bul. soc. chim. [2], 28 (1877), 
158; Chem. News, 34 (1876), 269; 35 (1877), 55; J. Chem. Soe. 31 
(1877), 437; Amer. J. Sci. [3], 13 (1877), 148; Jsb. Chem. 1876, 
-300; Amer. Chemist, 7 (1877), 360; Phil. Mag. [5], 3 (1877), 35. 
28. W. Sxry. On the oxidation of silver and platinum by 
oxygen in the presence of water. Pte 


Trans. New Zealand Inst. 8 (1876), 332; Chem. News, 35 (1877), 
203; Jsb. Chem. 1877, 303; J. Chem. Soe. 30 (1876), 608. 


29. W. Sxry. On certain chemical effects of oxygenized 
graphite and platinum. di 
Trans. New Zealand Inst. 8 (1876), 347; Chem. News, 36 (1877), 60; 
J. Chem. Soe. 30 (1876), 609; 32 (1877), 710. 
30. J. THomsen. Ueber die Neutralization. (Neutralizations- 
warme der Ammoniumbasen.) ete 
J. prakt. Chem. [2], 13 (1876), 241; Chem. Centrbl. 7 (1876), 545; 
Jsb. Chem. 1876, 83. 
31. F. Koprer. On the use of platinum in the ultimate analysis 
of chemical compounds. Pie 


J. Chem. Soc. 29 (1876), 660; Ber. 9 (1876), 508; Bul. soc. chim. [2], 
26 (1876), 475; Chem. News, 33 (1876), 127. 


: 82. F. Koprer. Ueber die Anwendung des Platins bei der 


Elementaranalyse. Pi 

Ber. 9 (1876), 1377; J. Chem. Soc. 31 (1877), 228; Jsb. Chem. 1876, 
958; Amer. Chemist, 7 (1877), 316. 

33. <A. MirscHerticH. Elementaranalyse vermittelst Quecksil- 

beroxyd. (Use of potassium chlorplatinate to determine oxygen 

directly, p. 374.) Pe 
Ztsch. anal. Chem. 15 (1876), 371. 

34. E. F. Dtrre. Studien iiber die Ausniitzung der Warme in 

den Oefen der Hiittenwesen. (Platinschmelzen in Knallgasge- 

blise.) i Bi 
‘Dingl. pol. J. 220 (1876), 324. 
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35. OC. J. H. W. Platinum combustion tubes. Pt. 
Chem. News, 34 (1876), 67; Amer. Chemist, 7 (1877), 362. 
36. W. D. Herman. Platinum combustion tubes. EG 
Chem. News, 34 (1876), 81. 
37. W. Jaco. Rapid filtration (by platinum filters). ‘Pe 
' Amer. Chemist, 6 (1876), 351; Jsb. Chem. 1876, 959. 
38. OC. StockmManNn. Ueber das Aufschliessen von Silicaten. 


(Getting melt out of platinum crucible.) Pt. 
Ztsch. anal. Chem. 15 (1876), 283. 


39. F. Srorpa. Ueber die Anwendung des Borfluorkaliums als 
Flussmittel bei Lothungen. (Zur Reinigung der Platintiegel 


durch Borfluorkalium und Borsiure.) Bt 

Sitzber. bohm. Gesel. (Prag), 1876, 220; Ztsch. anal. Chem. 16 
(1877), 95. 

40. F.Bopr. Faure und Kessler’s Platinschale. (Zur Schwefel- 

siiureconcentration.) Pt 


Dingl. pol. J. 220 (1876), 334. 
41. F.Bopr. Concentration von Schwefelsiure in Platinschalen 


nach Faure und Kessler. Pt 
Dingl. pol. J. 220 (1876), 336. 


42. F. Bopr (nach ScHrurER-Kestner). Ueber Abniitzung der 
Platingefasse beim Concentration von Schwefelsiure. Pt. 
Ding]. pol. J. 221 (1876), 82; J. Chem. Soc. 30 (1876), 674. 


44, lL. KessLer (also R. HASENCLEVER and JOHNSON, MATTHEY 
& Co.). Ueber Faure und Kessler’s Platinschale. Pts 
Ding]. pol. J. 221 (1876), 85. 


45. [J. Zeman and F. Fiscuer.] Ueber Faure und Kessler’s 


Platinschale. Pt 
Dingl. pol. J. 221 (1876), 384. 
46. F. Bopr. Neue Formen der alten Platinkessel. Pt: 


Dingl. pol. J. 221 (1876), 541; 225 (1877), 281. 


47%. Lamy. Appareils 4 cuvette de platine de MM. Faure et Kess- 
ler pour la concentration d’acide sulfurique. Pt 
Bul. soe. chim. [2], 25 (1876), 279. 


48. R.C. Borranr. Neues Verfahren Metalle auf galvanischem 
Wege mit Platin zu iiberziehen. Bt. 


Jsb. phys. Ver. Frankfurt, 1876-77, 20; Dingl. pol. J. 229 (1878), 
395; J. Frank. Inst. [3], 76 (1878), 348. 
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49. A. Brrtrranp. Recherches sur la production de dépdits élec- 
tro-chimiques . . . de palladium. Pee 


C. R. 83 (1876), 854; Bul. soc. chim. [2], 27 (1877), 382; Chem. 
News, 34 (1876), 227; Gaz. chim. 7 (1877), 388; J. Chem. Soe. 31 
(1877), 161. 


50. Frantz. Application électrochimique du palladium en vue 
de suppléer Vargenture. (French patent 107961, May 8, 1875.) 
Pd. 

Bul. soe. chim. [2], 25 (1876), 576; Chem. Centrbl. 1876, 592; J. 

Chem. Soc. 32 (1877), 239. 

51. §.pE Luca. Sul piombo contenuto in due punte di platino 
de’ parafulmini dell’ Osservatorio vesuviano. (Lead in platinum 
points on lightning rods.) Pt. 


Rendiconti Accad. Napoli, 15 (1876), 69; C. R. 82 (1876), 1187; J. 
Chem. Soc. 30 (1876), 340; Jsb. Chem. 1876, 290. 


52. ———————. Untersuchung von Filsinger tiber die soge- 
nannte Pflug’sche Platinanstrichmasse (Platinfarbe). (Contains 
no platinum.) Pt 


Dingl. pol. J. 221 (1876), 288. 


53. J.J. Coquinition. Procédé pour doser les hydrocarbures et 
en particulier le grison dans les mines. (Use of palladium wire 
for ignition.) Pd. 


C. R. 83 (1876), 394; Ber. 10 (1877), 730; Ztsch. anal. Chem. 17 
(1878), 329; Jsb. Chem. 1876, 959. 


54. J. J. Coquintion. Sur les limites entre lesquelles peut se 
produire explosion du grison, et sur nouvelles propriétés du pal- 
ladium. (Combustion without explosion.) Pd. 
C. R. 83 (1876), 709; Bul. soc. chim. [2], 27 (1877), 314; Chem. 
Centrbl. 1876, 738; Chem. News, 34 (1876), 205; Gaz. chim. 7 
(1877), 386; J. Chem. Soe. 31 (1877), 166; Jsb. Chem. 1876, 301. 


55. M. R. ZpRaAwkowitcn. Préparation du noir de platine au 
moyen de la glycérine. Piz 


Bul. soc. chim. [2], 25 (1876), 198; Ann. Chem. (Liebig), 181 
(1876), 192; Ber. 9 (1876), 443; Chem. Centrbl. 1876, 322; Chem. 
News, 33 (1876), 261; Dingl. pol. J. 221 (1876), 288; Gaz. chim. 
6 (1876), 202; J. Chem. Soc. 30 (1876), 47; Amer. Chemist, 7 
(1876), 115; J. Russ. Chem. Soe. 8, ii (1876), 252; Pharm. Centrh. 
17 (1876), 179; Jsb. Chem. 1876, 291; Chem. tech. Mitth. (Elsner), 
25 (1875-76), 203. 


56. R.C. Borrerr. Palladiumwasserstoff. Pa 


Ber. 9 (1876), 1795 (from 49. Versamml. deutsch. Naturf. und 
Aerzte). i 
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57. E. von Meyer. Ueber die bei der langsamen Oxydation des 
Wasserstoffs und Kohlenoxyds mittelst Platins sich dussernden 
Affinitatswirkungen. Pt. 


J. prakt. Chem. [2], 13 (1876), 121; J. Chem. Soc. 30 (1876), 40; J. 
Russ. Chem. Soc. 8, ii (1876), 290. 


58. E. von Meyer. Beitrag zur Theorie der “ Katalytischen 
Wirkungen ” des Platins. Pt 
J. prakt. Chem. [2], 14 (1876), 124; Bul. soc. chim. [2], 28 (1877), 


155; Chem. Centrbl. 1876, 625; J. Chem. Soc. 30 (1876), 486; Jsb. 
Chem. 1876, 12. 


59. J.B. Dumas. Etudes sur le phylloxera et sur les sulfocar- 
bonates. (Action of platinum sponge on sulfocarbonates, p. 71.) 
Ann. chim. phys. [5], 7 (1876), 1. Pie 


60. L. BLEEKRODE. On electrical conductivity and electrolysis 
of chemical compounds. (Non-electrolysis of osmium tetroxid.) 
Os. 
Proc. Roy. Soc. London, 25 (1877), 322; Ann. der Phys. (Pogg.), 
[2], 3 (1878), 161; Phil. Mag. [5], 5 (1878), 375, 439; Jsb. Chem. 

1878, 148. 


61. H. Hetmnorrz (and E. Roor). Bericht iiber Versuche des 
Hrn. Dr. E. Root aus Boston, die Durchdringung des Platina mit 
elektrolytischen Gasen betreffend. Pt. 


Monatsber. Akad. Berlin, 1876, 217; Ann. der Phys. (Pogg.), 159 
(1876), 416; Chem. Centrbl. 1876, 401; Phil. Mag. [5], 2 (1876), 
153; J. Chem. Soe. 32 (1877), 161, 271. 


62. C.G. Knort, J. MacGrecor and C. M. Smiru. The thermo- 
electric properties of cobalt. (Thermo-electric properties of 
cobalt-palladium.) Pad; 


Proce. Roy. Soe. Edinb. 9 (1878), 421; Ann. der Phys. Beibl. 2 
(1878), 277; Jsb. Chem. 1878, 136. 


63. A. Lattemanp. Recherches sur illumination des corps 
transparents. (Polarisation on surface of platinum black, p. 132.) 
Ann. chim. phys. [5], 8 (1876), 93. Pte 


64. G. Prisatr. Sull’ elasticita dei metalli a diverse temperature. 
(Torsion elasticity of platinum.) Pt. 
Gaz. chim. 6 (1876), 57; 7 (1877), 61, 173. 


65. G. Marrury. Régle en platine iridié de l’Association Géo- 
désique Internationale (Lettre). Pir, 
C. R. 83 (1876), 1090; Amer. Chemist, 7 (1877), 324. 
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66. E. H. SartntE-CLAIRE DEVILLE. Observations sur la com- 


munication de M. Matthey (Régle en platine-iridié). Pi, dr: 
C. R. 83 (1876), 1091; J. Russ. Chem. Soe. 8, ii (1876), 227. 

1. —————.. Ueber das weisse Gold oder die Platina del 

Pinto. Pt. 


Abhandl. einer Privatgesel. in BoOhmen, precursor to Bohm. 
Gesel. (Prag), 3 (1877), 337. 


1877: 2. 8S. Kern. On Russian platinum-ore from the Oural Moun- 


tains. Pt, Pd, dr; ih, Os: 
Chem. News 35 (1877), 88; Chem. Centrbl. 1877, 287; J. Chem. Soe. 
32 (1877), 177; Jsb. Chem. 1877, 1259; Quart. J. Sci. 14 (1877), 

284. 


1877: 8. S. Kern. On the new metal davyum; note on davyum; on 


1877 


STs 


1877 


RO: 


some new researches on the metal davyum; on the spectrum of 
the metal davyum; solubility of sodium davyum chloride; some 
remarks on the metal davyum. Da. 


Chem. News, 36 (1877), 4, 92, 114, 155, 164; 37 (1878), 65; C. R. 85 
(1877), 72, 623, 667; J. Russ. Chem. Soe. 9, i (1877), 295; Ber. 10 
(1877), 1738; Bul. soc. chim. [2], 28 (1877), 566; Chem. Centrbl. 
1877, 562, 642, 754; J. de pharm. 27 (1878), 114; Nature, 17 (1878), 
245; Phil. Mag. [5], 4 (1877), 158, 395; Jsb. Chem. 1877, 316; 1878, 
318; Ding]. pol. J. 225 (1877), 210; Gazz. chim. ital. 7 (1877), 561; 
8 (1878), 217, 218. 


: 4. A. H. Aten. Contributions on chemical analysis. (Criti- 


cism on S. Kern’s discovery of davyum.) Da. 
Chem. News, 36 (1877), 33; Jsb. Chem. 1877, 318. 


5. K. Karmarscu. Qetrachtungen iiber die neueren Verande- 

rungen und den gegenwartigen Zustand des europiischen Miinz- 

wesens. (Platin als Miinzmetall.) Pt: 
Ding]. pol. J. 223 (1877), 11. 


: 6. L. Oprricrus. Die Gewinnung der Platinmetalle in der 


deutschen Gold- und Silberscheideanstalt zu Frankfurt a. M. 
Pt, Pd, Ir, Rh. 
Dingl. pol. J. 224 (1877), 414; Chem. Centrbl. 1877, 492; Jsb. 
Chem. 1877, 1124; Chem. tech. Mitth. (Elsner), 27 (1877-78), 268; 
Chem. News, 37 (1878), 112; Bul. soc. chim. [2], 29 (1878), 88. 


7. J. THomsen. Darstellung einiger Platinverbindungen. 
(Chloro- and bromo-platinites.) Bt 
J. prakt. Chem. [2], 15 (1877), 294; Chem. Centrbl. 1877, 466; 


Chem. News, 36 (1877), 183; Gaz. chim. 7 (1877), 532; J. Chem. 
Soe. 32 (1877), 276; Jsb. Chem. 1877, 306. 
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8. F. W. CuarKke. Notes upon some fluorides. (Unsuccessful 


attempt to form platinum fluorid.) Pir 
Amer. J. Sci. [3], 13 (1877), 292; Jsb. Chem. 1877, 304. 
9. S. M. JérGensen. Platinoxyduloxyd. Be: 


J. prakt. Chem. [2], 16 (1877), 344; Bul. soc. chim. [2], 31 (1879), 
500; Chem. Centrbl. 1878, 212; Gaz. chim. 9 (1879), 161; Jsb. 
Chem. 1877, 304; J. Chem. Soc. 34 (1878), 200. 


10. J. Ripav. Sur quelques prepriétés des sulfures de platine 
au point de vue analytique. Pt. 
Bul. soe. chim. [2], 28 (1877), 241; C. R. 85 (1877), 283; Amer. J. 
Sci. [3], 15 (1878), 52; Chem. Centrbl. 1877, 631; Chem. News, 36 
(1877), 100; Gaz. chim. 8 (1878), 54; Ztsch. anal. Chem. 17 (1878), 
99; Jsb. Chem. 1877, 1070; J. Russ. Chem. Soe. 9, ii (1877), 362; 
Chem. tech. Mitth. (Elsner), 28 (1878-79), 36; Arch. Pharm. [3], 

13 (1878), Aug. 


11. E. von Meyer. Ueber die Zusammensetzung und das che- 
mische Verhalten des “ oxydirten Schwefelplatins.” Pt. 
J. prakt. Chem. [2], 15 (1877), 1; Amer. J. Sci. [3], 13 (1877), 301; 
Bul. soe. chim. [2], 28 (1877), 362; Chem. News; 35 (1877), 116; 
Gaz. chim. 7 (1877), 381; J. Chem. Soe. 32 (1877), 114; Jsb. Chem. 

1877, 305; J. Russ. Chem. Soc. 9, ii (1877), 313. 


12. E. von Meyer. Ueber Osmiumoxysulfide. Os. 
J. prakt. Chem. [2], 16 (1877), 77; Bul. soc. chim. [2], 31 (1879), 
313; Chem. Centrbl. 1877, 641; Chem. News, 36 (1877), 225; Jsb. 
Chem. 1877, 316; J. Russ. Chém. Soe. 10, ii (1878), 305; J. Chem. 

Soc. 34 (1878), 14. 


13. P. Cuarsson. Ueber Aethylmerkaptan. (Merkaptide der 
Platinmetalle, p. 206.) Pt. he ae 
J. prakt. Chem. [2], 15 (1877), 193; J. Chem. Soe. 32 (1877), 295; 
Jsb. Chem. 1877, 520. 
14. A. Canours. Recherches sur les sulfines. (Chloroplatinate 
of triethylsulfin, p. 41.) PE: 
Ann. chim. phys. [5], 10 (1877), 13. 


15. W. Gipps. Ueber complexe anorganische Sauren. (Plato- 

molybdates and tungstates.) Pi 

Ber. 10 (1877), 1384; Amer. J. Sci. [3], 14 (1877), 61; Bul. soc. chim. 

[2], 30 (1878), 31; Chem. Centrbl. 1877, 658; J. Chem. Soc. 32 
(1877), 847; Jsb. Chem. 1877, 294. 


16. L. F. Nizson. Om inverkan af jod och alkohol pa plato- 
nitrit. (Action of iodin and alcohol on platonitrites.) Ete 
Oefversigt. Akad. Férhand. Stockholm, 34 (1877), No. 5, 3; Ber. 10 
(1877), 930; Amer. J. Sci. [3], 14 (1877), 149; Chem. Centrbl. 
1877, 450; J. Chem. Soe. 32 (1877), 710; Jsb. Chem. 1877, 313; J. 

Russ. Chem. Soe. 10, ii (1878), 77. 
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: 17. 4L. F. Nitson. Om en ny platonitrosylsyra. (A new plato- 


nitrosyl acid.) Pi 


Oefversigt. Akad. Forhand. Stockholm, 34 (1877), No. 5, 9; Ber. 
10 (1877), 934; Bul. soe. chim. [2], 31 (1879), 362; Chem. Centrbl. 
1877, 450; J. Chem. Soe. 32 (1877), 711; Jsb. Chem. 1877, 313. 


18. R. J. Friswevt and A. J. GREENAWAY. Note on thallious 
platinocyanide. Pte 


J. Chem. Soc. 32 (1877), 251; Ber. 10 (1877), 1858, 1604; Bul. soe. 
chim. [2], 30 (1878), 120; Chem. News, 35 (1877), 272; Jsb. Chem. 
1877, 314, 336; J. Russ. Chem. Soc. 10, ii (1878), 76; Gazz. chim. 
ital. 9 (1879), 205. 


19. G. N. Wyrousorr. Note sur la composition et les formes 
cristallines de deux nouveaux ferricyanures et d’un sulfocyano- 
platinate de potassium. Pe 


Ann. chim. phys. [5], 10 (1877), 409; Ber. 13 (1880), 1137; Bul. soc. 
chim. [2], 33 (1880), 402; Chem. News, 42 (1880), 166; Jsb. Chem. 
1877, 331; Ztsch. Kryst. 1 (1877), 403. 


20. L. J. Troosr and P. HAvUTEFEUILLE. Sur les corps com- 
posés susceptibles de se produire a une température trés-superieure 
a celle qui détermine leur décomposition compléte. (Volatiliza- 
bility of platinum in chlorin gas.) Pts 
C. R. 84 (1877), 946; Ber. 10 (1877), 1172; Chem. Centrbl. 1877, 402; 
Gaz. chim. 7 (1877), 481; J. de pharm. 26 (1877), 143; Jsb. Chem. 
1877, 202. 
21. J.H. Desray. Iridium; ses alliages; fusion. ie ee 
Bul. soe. chim. [2], 27 (1877), 146; Chem. Centrbl. 1877, 210. 


: 22. W. Heintz. Reducirende Wirkung der Knochenkohle bei 


niedere Temperature. (Auf Platinchlorid und Platindoppelsalze.) 
Ann. Chem. (Liebig), 187 (1877), 227. Pk 


23. S. M. JOrnaENSEN. Verhalten des Wasserstoffplatinchlorids 
gegen Silbernitrat. et, 
J. prakt. Chem. [2], 16 (1877), 342; Bul. soc. chim. [2], 31 (1879), 
500; Chem. Centrbl. 1878, 212; Gaz. chim. 9 (1879), 161; Jsb. 
Chem. 1877, 307; Ber. 12 (1879), 1729; J. Chem. Soc. 34 (1878), 

200. 


24. i. Duvitirer. Méthode pour retirer le platine des chloro- 
platinates. Pie 
C. R. 84 (1877), 444; Ann. chim. phys. [5], 10 (1877), 572; Bul. soc. 
chim, [2], 28 (1877), 359; Ber. 10 (1877), 730; Chem. Centrbl. 1877, 
291; Chem. News, 35 (1877), 134; Ding]. pol. J. 225 (1877), 210; 
Gaz. chim. 7 (1877), 335; J. Chem. Soe. 32 (1877), 574; Ztsch. 
anal. Chem. 18 (1879), 461; J. Amer. Chem. Soc. 1 (1879), 587; 
Arch. Pharm. [3], 13 (1878), Sept.; Jsb. Chem. 1877, 304; Chem. 

tech. Mitth. (Elsner), 28 (1878-79), 1. 
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25. C.R. Fresenius. Zur Bestimmung des Kaliums als Kalium- 

platinchlorid, namentlich bei Gegenwart der Chlorverbindungen 

der Metalle der alkalischen Erde. EL 
Ztsch. anal. Chem. 16 (1877), 63; Gazz. chim. ital. 9 (1879), 251. 


26. A. Gawatovski. Verfailschung von kauflich bezogenem 

Natriumpalladiumchloriir mit Kochsalz. Pd: 

Ztsch. anal. Chem. 16 (1877), 58; J. Chem. Soc. 32 (1877), 225; Jsb. 
Chem. 1877, 1053. 


2%. W. Scuimper. (Krystallformen des Triaithylselenchlorid- 


platinchlorid.) Po. 
Ztsch. Kryst. 1 (1877), 218; Jsb. Chem. 1877, 315. 
28. <A. Garrre. Note sur le tréfilage du platine. Pt. 


C. R. 85 (1877), 625; Chem. News, 36 (1877), 182; Dingl. pol. J. 
240 (1881), 216; Gazz. chim. ital. 8 (1878), 218; J. Chem. Soc. 34 
(1878), 178; Jsb. Chem. 1878, 1114. 


29. J.H.Jounson. Ueberziehen von Eisen mit Platin (patent). 
Ber. 10 (1877), 1974; Chem. Centrbl. 1878, 112. Pt 


30. G. Paropr and A. Mascazzini. Sulla determinazione dello 
zinco e del piombo dai loro minerali e prodotti di arte mediante 
Velettrolisi. (Coating of platinum with zinc.) Pr. 


Gazz. chim. ital. 7 (1877), 222; Ber. 10 (1877), 84; Chem. Centrbl. 
1877, 146; Annali di chim. 67 (1878), 185. 


= | (Platiniren.) Pt. 
Chem. tech. Mitth. (Elsner), 27 (1877-78), 287; from Polyt. Notizbl. 
: 82. A. W. Wricut. On the production of transparent metallic 


films by the electrical discharge in exhausted tubes. (Production 
of platinum film on glass.) Pt 
Amer. J. Sci. 13 (1877), 49; Monit. scient. [3], 8 (1878), 1061; 
Ding]. pol. J. 225 (1877), 402; Naturforscher, 10 (1877), 108; Jsb. 
Chem. 1878, 1114. 
33. EF. Bopr. Ueber Concentration von Schwefelsaure. Pte 
Ding]. pol. J. 223 (1877), 299. 
34. F. Bopsr. Notizen aus der Schwefelsiiurefabrication. (Use 
of platinum vessels for concentration.) Pi: 
Ding]. pol. J. 225 (1877), 281. 
35. M. Prentice. Verbesserte Platingefasse. (Patent.) Pus 
Ber. 10 (1877), 1170. 


36. W. Ktmmet. Pflug’s Platinfarbe. Pt. 


Deutsche Bauztg. 1877, 267; Dingl. pol. J. 225 (1877), 215; Jsb. 
Chem. 1877, 1232. 
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37. R.C. Borrerr. Platinschwarzgewinnung. Pa 


Jsb. Phys. Ver. Frankfurt; Pharm. Centrhalle, 18 (1877), 218; 
Chem. Centrbl. 1877, 576; J. Chem. Soc. 34 (1878), 114. 


38. F. Hoppr-SryLer. Vorliufige Mittheilungen. 1. Palla- 
diumwasserstoff als Oxydationsmittel. 2. Benzol oxydirt zu 
Phenol durch Palladiumwasserstoff. 3. Oxyhaimoglobin reducirt 
zu Methamoglobin durch Palladiumwasserstoff. Pd 


Ztsch. physiol. Chem. 1 (1877), 396; Chem. Centrbl. 1878, 306; Jsb. 
Chem. 1877, 315. 


39. D. Tommasi. Ricerche fisico-chimiche sui differenti stati 
allotropici dell’ idrogeno. (Hydrogen on palladium.) Pd. 
Rendic. Inst. Lombardo [2], 10 (1877), 520; Monit. scient. [3], 


8 (1878), 829; Ber. 10 (1877), 2056; Chem. Centrbl. 1878, 83; 
Jsb. Chem. 1878, 193. 


40. J.J.Coquinui0on. Sur la dissociation des carbures au moyen 
du fil de palladium, et sur le rapprochement de ces faits avec les 
actions de présence ou phénomenes catalitiques. Pd 

C. R. 84 (1877), 1503; Chem. Centrbl. 1877, 561; Chem. News, 36 


(1877), 43; Gazz. chim. ital. 7 (1877), 500; J. Chem. Soc. 32 
(1877), 830. 


: 41. J. J. Coqurtiion. Application du fil de palladium au 


dosage des hydrocarbures mélés en petite proportion dans Vair. 
Pd. 
C. R. 85 (1877), 1106; Chem. Centrbl. 1878, 104; Chem. News, 37 


(1878), 10; Gazz. chim. ital. 9 (1879), 248; J. de pharm. 27 
(1878), 451. 


: 42. F. W. Criarke. Some specific gravity determinations. 


(Potassium chloroplatinite and platithiocyanate.) Pt 
Amer. J. Sci. [3], 14 (1877), 282. 


: 48. G. Govi. Sur la transparence du fer et du platine incan- 


descent. Pia 


C. R. 85 (1877), 699; Chem. News, 36 (1877), 204; Dingl. pol. J. 229 
(1878), 565. 


44, G. L. Cramictan. Ueber die Spectren der chemischen Ele- 
mente und ihrer Verbindungen. (Spectra of platinum and palla- 
dium.) Pt, Pd 
Sitzber. Akad. Wien, 76, ii (1878), 499; Anzeig. Akad. Wien, 14 
(1877), 181; Jsb. Chem. 1878, 174; Repert. Exper. Phys. 13 (1877), 

432, 
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45. J. Viow~ze. Chaleur spécifique et chaleur de fusion du 
platine. Pt: 


C. R. 85 (1877), 543; Bul. soc. chim. [2], 30 (1878), 167; Chem. 
Centrbl. 1877, 674; Chem. News, 36 (1877), 151; Dingl. pol. J. 227 
(1878), 108; Gazz. chim. ital. 8 (1878), 217; J. Chem. Soe. 34 
(1878), 106; Phil. Mag. [5], 4 (1877), 318; Jsb. Chem. 1877, 95; 
J. de phys. 7 (1878), 69; J. Russ. Chem. Soe. 10, ii (1878), 39. 


46. J. THomsen. Thermochemische Untersuchungen iiber 
Platin und Palladium. Pi Pad. 


J. prakt. Chem. [2], 15 (1877), 435; Bul. soe. chim. [2], 31 (1879), 
271; Chem. Centrbl. 1877, 546; Chem. News, 36 (1877), 224; J. 
Chem. Soc. 32 (1877), 566. 


48. N.Gerssecuus. (Elasticity of platinum and palladium.) 
Pt, Pd: 
J. Russ. Chem. Soe. 8, ii (1876), 311, 356; Chem. News, 36 (1877), 39. 


1. J. Puitipp. Le platine et les métaux qui l’accompagnent. 


Monit. scient. 20 (1878), 59. Pt, Pd, Ir, Rh, Os, Ru. 
2. ——————._ The metallurgy of platinum. (Notes from the 
Paris Exposition.) Pt, Pay ir, Rh..Os, Ku. 


Chem. News, 38 (1878), 43. 


3. G. MartHry. The preparation in a state of purity of the 
group of metals known as the platinum series, and notes upon the 
manufacture of iridio-platinum. Pi Teed, Rh, Os, iu: 
Proc. Roy. Soc. London, 28 (1879), 463; Iron, 13 (1879), 654, 678; 
Chem. News, 39 (1879), 175; Dingl. pol. J. 240 (1881), 213; J. 

Russ. Chem. Soe. 11, ii (1879), 305. 


4, FE. H. Sarnre-Cuaire DEVILLE and J. H. DeBRay. Dissocia- 
tion des oxydes de la famille du platine. Pt, Pd, Ir, Rh, Os, Ru. 
C. R. 87 (1878), 441; Chem. Centrbl. 1878, 682; Ber. 11 (1879), 364; 
Bul. soc. chim. [2], 32 (1879), 294; Chem. News, 38 (1878), 188; 
J. de pharm. 28 (1878), 441; Phil. Mag. [5], 6 (1878), 394; J. 
Russ. Chem. Soe. 10, ii (1878), 331; Gazz. chim. ital. 7 (1879), 

154; Jsb. Chem. 1878, 123. 


5. R. Goprrrroy. LEigenschaften einiger Caesium- und Rubi- 


diumverbindungen. (Cesium palladium chlorid.) Pd: 
Arch. pharm. 212 (1878), 47; Chem. Centrbl. 1878, 162; Jsb. Chem. 
1878, 237. 


6. S. M. Jorgensen. Bidrag til Kobaltammoniakforbindelsernes 
Chemi. (Chloro- and bromo-platinates.) Pt. 


Oversigt. Dansk. Vid. Sels. Copenhagen, 1878, 7; J. prakt. Chem. 
18 (1878), 209. 
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?. F. T. Frericus and E. F. Smuirn. Ueber das Didym und 
Lanthan. (Chloroplatinates.) Pr 


Ann. Chem. (Liebig), 191 (1878), 331; Chem. Centrbl. 1878, 386; 
Jsb. Chem. 1878, 445. 


8. P. T. Creve. Om nagra lantan- och didymféreningar. 
(Chloroplatinates; criticism of Frerichs and Smith.) Pe 
Oefversigt. Akad. Forh. Stockholm, 35 (1878), No. 5, 9; Ber. 11 


(1878), 910; Bul. soe. chim. [2], 29 (1878), 492; Jsb. Chem. 1878, 
250. 


9. D. Cocutn. Sur quelques combinaisons du platine. (Phos- — 
phoplatinum ethers.) Pe 


C. R. 86 (1878), 1402; Bul. soc. chim. [2], 31 (1879), 498; Chem. 
News, 38 (1878), 20; Jsb. Chem. 1878, 315; J. Russ. Chem. Soc. 
10, ii (1878), 287. 


10. CC. Seuspert. Ueber einige Doppelsalze des zweiwerthigen 
Iridiums. (Double sulfites.) Tre 


Ber. 11 (1878), 1761; Bul. soc. chim. [2], 32 (1879), 403; Chem. 
News, 39 (1879), 74; Dingl. pol. J. 230 (1878), 370; J. Chem. Soe. 
36 (1879), 125; Jsb. Chem. 1878, 316; J. Russ. Chem. Soc. 11, ii 
(1879), 237. 


11. C. Srusert. Ueber das Atomgewicht des Iridiums. (192. 
(44 Ee. 1) es 
Ber. 11 (1878), 1767; Bul. soe. chim. [2], 32 (1879), 404; Ann. J. Sci. 
[3], 17 (1879), 64; Chem. News, 39 (1879), 74; J. Chem. Soc. 36 
(1879), 125; Ztsch. anal. Chem. 21 (1881), 155; Jsb. Chem. 1878, 
316; J. Amer. Chem. Soe. 1 (1879), 320; Ann. der Phys. (Pogg.), 

Beibl. 3 (1879), 322. 


12. HE. von Meyer. Ueber einige neue Platinverbindungen: die 
Knallplatine. Pt: 
J. prakt. Chem. [2], 18 (1878), 305; Ber. 12 (1879), 130; Bul. soc. 
chim. [2], 33 (1880), 172; Gazz. chim. ital. 9 (1879), 99; Jsb. 
Chem. 1878, 309. 


13. L. F. Nizson and O. Pettersson. Ueber Darstellung und 
Valenz des Berylliums. (Platonitrites and chlorplatinate.) Pt. 


Ann. der Phys. (Pogg.), [2], 4 (1878), 554; Nova Acta. Soc. Sci. 
Upsala, 10 (1879), No. 9; Jsb. Chem. 1878, 244. 


14. L. F. Nitson. Om jodhaltiga derivat af platonitrit. (Pla- 
toiodonitrites.) Pt. 
Oefversigt. Akad. Forh. Stockholm, 35 (1878), No. 3, 51; Nova 
Acta. Soc. Sci. Upsala 10 (1879), No. 16; Ber. 11 (1878), 879; 13 
(1880), 775; Bul. soe. chim. [2], 31 (1879), 359; Chem. News, 38 
(1878), 49; J. Chem. Soe. 34 (1878), 706; J. prakt. Chem. [2], 
21 (1880), 172; Jsb. Chem. 1878, 312; 1880, 363; Chem. Centrbl. 

1880, 261; J. Russ. Chem. Soe. 11, ii (1879), 305. 
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15. 8. E. Pariuirs. A study of plat-ammonia compounds. 

(Concluding with The general character of the metal ammonium, 

p. 282.) Pt, Rhy ie Ru; Pd: 
Chem. News, 37 (1878), 209, 231; Jsb. Chem. 1878, 309. 


16. E. H. Sarnre-CLarre DEVILLE and J. H. Despray. Sur un 
nouveau composé du palladium. (Palladamin chlorid.) Pa. 
C. R. 86 (1878), 926; J. de pharm. 27 (1878), 422; Bul. soe. chim. 

[2], 31 (1879), 440; Chem. Centrbl. 1878, 387; Chem. News, 37 
(1878), 216; Gazz. chim. ital. 9 (1879), 144, 267; J. Chem. Soe. 34 


(1878), 650; Jsb. Chem. 1878, 316; J. Russ. Chem. Soe. 10, ii 
(1878), 237. 


17. <A. Bertin. Sur les cristaux idiocyclophanes. (Platino- 
cyanid of yttrium, p. 408.) Pt: 


Ann. chim. phys. [5], 15 (1878), 396. 


18. F. W. Cuarke. On some seleniocyanates. (Potassium 
platinoseleniocyanate.) Pit 


Amer. J. Sci. [3], 16 (1878), 199; Ber. 11 (1878), 1325; Chem. News, 
38 (1878), 170. 


19. H. von Juprner. Neue Methode der quantitativen Unter- 
suchung von Gold- und Silberlegirungen. Pt. 


Anzeiger, Akad. Wien, 15 (1878), 161; Bul. soc. chim. [2], 33 
(1880), 448; Ztsch. anal. Chem. 18 (1879), 104. 


20. R.C. Borrerr. (Loésungsmittel fiir Ammoniumchloroplati- 
nate.) (Sodium citrate.) Be 


Tagebl. 51. Versamml. deutsch. Naturf. u. Aerzte, 1878, 46; Chem. 
Centrbl. 1878, 786. 


21. R. C. Borrezr. (Verhalten des Phosphors zu Metall- 
losungen.) (Platinum and palladium solutions.) Pi; Pd: 
Polyt. Notizbl. 33 (1878), 30; Chem. Centrbl. 1878, 208. 


22. M.BrrtHenot. Sur la décomposition des hydracides par les 
métaux. (Action of hydrochloric acid on platinum and palladium.) 
Pp Pa: 


C. R. 87 (1878), 619; Ann. chim. phys. [5], 16 (1879), 433; J. de 
pharm. 28 (1878), 521; Bul. soc. chim. [2], 31 (1879), 302. 


23. J. Vo~HaRD. Die Anwendung des Schwefelcyanammoniums 
in die Maassanalyse. (Presence of palladium in estimation of 
silver injurious.) Pd: 


Ann. Chem. (Liebig), 191 (1878), 1; Monit. scient. 20 (1878), 390; 
Chem. News, 37 (1878), 77. 
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24. P. pr CLERMONT and FrRomMeL. Sur une nouvelle méthode 
de séparation de Varsenic des autres métaux. (Separation from 
platinum metals.) Pt, Pd, Ir; Rh, Os, Rue 
C. R. 86 (1878), 828; C. R. Assoc. Frang. 7 (1878), 459; J. de pharm, ~ 
28 (1878), 176; Bul. soc. chim. [2], 29 (1878), 290; Dingl. pol. J. 7 
229 (1878), 302; Jsb. Chem. 1878, 1051; Gazz. chim. ital. 8 (1878),. 
480. 
25. G. Brogstke. Ueberosmiumsiure als Mikroskopischfarbe- 
mittel. Os. 


Medic. Centrbl. 16 (1878), 833; Chem. Centrbl. 1879, 7; Ztsch. anal. 
Chem. 18 (1879), 460. 


26. PrELLeTAN. A method of preserving the rotation infusoria, 


etc., with their organs extended (with osmic acid). Os. 
J. Roy. Micros. Soe. 1 (1878), 189. 


2%. T. L. Brunton and J. Farrer. Note on the effect of var- 

ious substances in destroying the activity of cobra poison. (Ac- 

tion of platinum chlorid.) Pt. 
Proce. Roy. Soe. London, 27 (1878), 465; Jsb. Chem. 1878, 1014. 


28. A. PepLtER. On cobra poison. (Antidotal action of plati- 
num chlorid.) Pig 
Proc. Roy. Soe. London, 27 (1878), 17. 


29. F. Koprrer. Das Platin als Sauerstoffiibertriger bei der 
Elementaranalyse der Kohlenstoffverbindungen. Pir 
Ztsch. anal. Chem. 17 (1878), 1; Bul. soc. chim. [2], 32 (1879), 
108; Jsb. Chem. 1878, 1070. 
30. F. W. CuarKke. Some specific gravity determinations. 
(Potassium chlorplatinite.) Pts 
Amer. J. Sci. [3], 16 (1878), 206; Ber. 11 (1878), 1504; Chem. News, 
88 (1878), 214; J. Chem. Soc. 36 (1879), 295, 1005; Jsb. Chem. 
1878, 26. 
31. W. Hirrorr. Rechtfertigung des Satzes: “ Electrolyte sind 
Salze” als Erwiderung auf Dr. L. Bleekrode’s Kritik [1876: 60]. 
(Verhalten des Natriumplatinchlorids, p. 390; Ueberosmium- 
siure, p. 404.) Os, Pt. 
Ann. der Phys. (Pogg.) [2], 4 (1878), 374; Jsb. 1878, 149. 


: 82. F. Morass. (Electrolysis of platinum chlorid.) Pity 


Gazz. chim. ital. 8 (1878), 479. 


: 33. F.A.Goocu. On anew method for the separation and subse- 


quent treatment of precipitates in chemical analysis. (Gooc 
crucible.) Pt. 


Proc. Amer. Acad. Sci. 13 (1878), 342; Chem. News, 37 (1878), 181). 
Amer. Chem. J. 1 (1879), 317; Jsb. Chem. 1878, 1039. 
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34. T. GarstpE. Mending platinum crucibles. Bt. 
Chem. News, 38 (1878), 65; Chem. Centrbl. 1878, 666; Chem. Ztg. 
2 (1878), 371; Dingl. pol. J. 230 (1878), 451; J. Chem. Soc. 34 
(1878), 1020. ; 
35. ——————._ Platinapparate mit gewelltem Boden. Pt. 
Chem. Indust. 1 (1878), 194; Ding]. pol. J. 230 (1878), 511. 
36. F. W. Kansrneiscu. Combinirte Blei und Platinapparat 


zur Concentration von Schwefelsiure. (D. R. Pat. 1005, Oct. 9, 
1877, F. W. Kalbfleisch.) Pi, 
Ber. 11 (1878), 999. 


39. F. Bopr. Ueber Kalbfleisch’s neuen Platinapparat. Pt 
Ding. pol. J. 228 (1878), 249. 


40. A. SCHEURER-KESTNER. Sur la dissolution du platine dans 
Vacide sulfurique, pendant l’operation industrielle de la concen- 
tration. iPr 
C. R. 86 (1878), 1082; Bul. soc. chim. [2], 30 (1878), 28; J. de pharm. 

28 (1878), 170; Chem. Centrbl. 1878, 442; Chem. News, 37 (1878), 

237; J. Chem. Soc. 34 (1878), 650; Jsb. Chem. 1878, 309; J. Russ. 


Chem. Soe. 10, ii (1878), 239. 
41. J. B. Bousstncavut. Sur la production, la constitution et 
les propriétés des aciers chromés. (Platinum steel, p. 98.) 
Ann. chim. phys. [5], 15 (1878), 91. Pt, Pay Rhy, IOs: 
42. M. BertHetor. Snr les affinités relatives et déplacements 
réciproques de ’oxygéne et des éléments halogénes, combinés avec 
les corps métalliques. (Combinations of platinum and _palla- 
dium.) Pi, Pd. 
C. R. 86 (1878), 628; Ann. chim. phys. [5], 15 (1878), 185; Chem. 
Centrbl. 1878, 251; Jsb. Chem. 1878, 103, 112. 
43. J. THomsen. Thermochemische Untersuchungen. Ueber 
die Constitution der wasserhaltigen Salze. (Chlorplatinates, p. 
38 and ff.) Pt. 


J. prakt. Chem. [2], 18 (1878), 1; Chem. Centrbl. 1878, 793, 809; 
Jsb. Chem. 1878, 88, 90. 


44, J. Viotte. Chaleur spécifique et chaleur de fusion du palla- 
dium. Pd: 
C. R. 87 (1878), 981; Bul. soe. chim. [2], 31 (1879), 293; Chem. 


Centrbl. 1879, 98; Jsb. Chem. 1878, 72; J. Russ. Chem. Soc. 11, ii 
(1879), 192. 


45. R.Saprne. Motions produced by dilute acids on some amal- 


gam surfaces. (Platinum amalgam.) Bt. 


Rept. Brit. Assoc. 1878, 435; Phil. Mag. [5], 6 (1878), 211; Ann. 
der Phys. Beibl. 2 (1878), 613; Jsb. Chem. 1878, 154. 
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46. J. Coquitiion. Action de la vapeur d’eau sur les hydrocar- 
bures porté a la température rouge. (In presence of platinum 
and palladium wire.) , Pt, Pak 


C. R. 86 (1878), 1197; 87 (1878), 795; Bul. soc. chim. [2], 33 (1880), 
177: Chem. News, 38 (1878), 287; Jsb. Chem. 1878, 367; Gazz. 
chim. ital. 9 (1879), 273. 


: 47. A. Crova. Sur la mesure spectrométrique des hautes tem- 


pératures. (By platinum foil.) PE 
C. R. 87 (1878), 979; Jsb. Chem. 1878, 68. 


49. J.N. Lockyer. Researches in spectrum analysis in connec- 
tion with the spectrum of the sun. (Palladium found in the sun.) 
Pd. 

Proce. Roy. Soc. London, 27 (1878), 279; C. R. 86 (1878), 317; Jsb. 

Chem. 1878, 185. 

50. D. Tommasi. Sull’ azione della cosi della forza catalitica 
spiegata secondo la teoria termodinamica. (Action of platinum 
sponge on gaseous mixtures.) Pt 


Rendic. Inst. Lombard. [2], 11 (1878), 128; Monit. scient. 21 (1879), 
866; Ber. 11 (1878), 811; Chem. Centrbl. 1878, 433; Jsb. Chem. 


1878, 9. 
51. D. Tommasi. Riduzione del cloruro di argento e del cloruro 
ferrico. (By platinum.) inte 
Rendic. Inst. Lombard. [2], 11 (1878), 281; J. de pharm. 29 (1879), 

291. 


52. EF. Hoppr-Seyuer. Ueber Gihrungsprozesse. (Action of 
palladium-hydrogen in decay, p. 21.) Pdiet 
Ztsch. physiol. Chem. 2 (1878), 1; Jsb. Chem. 1878, 1025. 


: 58. J. H. GuapsTone and A. Trise. Analogies between the 


action of the copper-zinc couple and of occluded and nascent 
hydrogen. (Reducing action of palladium-hydrogen.) Pt, Pde 
J. Chem. Soe. 33 (1878), 306; Jsb. Chem. 1878, 191. 


54. N. Bexetorr. (Ermittelung der Warmecapacitiit des Was- 
serstoffs in seiner Legirung mit Palladium.) Pd. 
J. Russ. Chem. Soc. 11, i (1878), 4; Ber. 12 (1879), 686; Bul. soc: 
chim, [2], 31 (1879), 197; Chem. Centrbl. 1879, 242; Jsb. Chem. 

1879, 91; J. Chem. Soc. 36 (1879), 590. 


55. H. F. Mortry. On Grove’s gas battery. (Use of platinum 
plates.) Pe 
Phil. Mag. [5], 5 (1878), 272; Proc. Phys. Soc. London, 2 (1879), 
212; Ann. der Phys. Beibl. 2 (1878), 266; Chem. News, 37 (1878), 

78; Jsb. Chem. 1878, 140. 
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56. G. Gore. On the thermo-electric properties of liquids. 
(With platinum and palladium plates.) ei ee 


Proc. Roy. Soe. London, 27 (1878), 513; Ann. der Phys. Beibl. 2 
(1878), 617; Jsb. Chem. 1878, 135. 


57. W. Brerz. Ueber die Electricititserregung beim Contact 
fester und gasformiger Korper. (Contact of gases with platinum 
and palladium.) Pt, Pa. 


Sitzber. Akad. Miinchen, 8 (1878), 140; Ann. der Phys. (Pogg.) 
[2], 5 (1878), 1; Phil. Mag. [5], 7 (1879), 1; Jsb. Chem. 1878, 138. 


58. F. Exner. Ueber die galvanische Polarisation des Platins 
in Wasser. Pi 
Sitzber. Akad. Wien, 77, ii (1878), 231; Anzeig. Akad. Wien, 15 
(1878), 46; Ann. der Phys. (Pogg.), [2], 7 (1878), 388; Chem. 
Centrbl. 1878, 337; Jsb. Chem. 1878, 140; Phil. Mag. [5], 5 (1878), 

400; J. Chem. Soc. 36 (1879), 578. 


59. H. Herwic. Ueber die zur vollen Ladung einen condensa- 
torischen Platinwasserzelle erforderlich Electricititsmenge und 


tiber die Distanz der Molecule im fliissigen Wasser. Ph: 
Ann. der Phys. (Pogg.), [2], 4 (1878), 465; J. Ghem. Soe. 36 (1879), 
194, 


: 60. F. Rosserrr. Indagini sperimentali sulla temperatura del 


sole. (Pouvoir émissif du platine. Ann. chim. phys., 17 :199, 

202.) Pt. 

Mem. Accad. Lincei. Roma. 2 (1878), 169; Ann. chim. phys. [5], 

17 (1879), 177; Nuovo Cimento, 3 (1878), 238; Spectrosc. ital. 
mem. 7 (1878), 22; Meteor. Ztsch. 13 (1878), 420. 


: 61. C. Winxuer. Platinizing porous substances. (Germ. Pat. 


4566, Sept. 21, 1878.) Pt. 
J. Amer. Chem. Soc. 1 (1879), 300. 


1. O. Lutuy. Platinlager in den Vereinigten Staaten. (In 


California.) Pt. 
Chem. Ztg. 3 (1879), 559; Dingl. pol. J. 240 (1881), 213. 
2. P. V. JEREMEJEW. (Platin sand.) Pi ir: 


Ztsch. Kryst. 3 (1879), 436; Jsb. Chem. 1879, 1180. 


: 3. A. Guyarp (H. Tamm). De Youralium—un nouveau métal de 


la famille du platine. tir: 


Monit, scient. [3], 9 (1879), 795; Jsb. Chem. 1879, 309; Chem. News, 
40 (1879), 57; J. Frank. Inst. [3], 79 (1880), 63; Bul. soe. chim. 
[2], 32 (1879), 3. 
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1879: 4. G. Marruey. The preparation in a state of purity of the 
group of metals known as the platinum series, and notes upon the 
‘manufacture of iridio-platinum. Pt; Pd, Ja; Rh, Os, Re 


Proce. Roy. Soc. London, 28 (1879), 463; Chem. News, 39 (1879), 
175, J. Chem. Soe. 36 (1879), 772; Jsb. Chem. 1879, 1100. 


1879: 5. E. J. JunerueiscH. Procédé de préparation diridium. It. 
Bul. soe. chim. [2], 31 (1879), 50. 


1879: 6. E. H. Sarnte-CiuarrE DEVILLE and J. H. Drepray. Sur la 
laurite et de platine ferrifére artificiels. Pt, Ru. 

C. R. 89 (1879), 587; Ber. 12 (1879), 2269; Chem. Centrbl. 1879, 729; 

Chem. News, 40 (1879), 203; Dingl. pol. J. 236 (1880), 86; J. 


Chem. Soc. 38 (1880), 222; Jahrb. Min. 1880, Ref. 178; Jsb. Chem. 
1879, 1184; Ztsch. Kryst. 4 (1881), 420. 


1879: 7. L. Prrxry. On the formation of compound platinates and a 
new platino-potassium salt. (Chlorobromoplatinate.) Pie 
School of Mines (N. Y.) Quart. 1 (1880), 64; J. Amer. Chem. Soe. 
1 (1879), 472; Chem. News, 41 (1880), 118; Ber. 13 (1880), 568; 
Chem. Centrbl. 1880, 277; J. Chem. Soc. 38 (1880), 706; Jsb. 
Chem. 1880, 362. 





1879: 8. E. DrecuseL. Ueber Harnstoffpalladiumchloriir. Pdi 


J. prakt. Chem. [2], 20 (1879), 469; Bul. soc. chim. [2], 34 (1880), 
96; Chem. Centrbl. 1880, 23; J. Chem. Soc. 38 (1880), 161; Jsb. 
Chem. 1879, 342. 


1879: 9. W. Heintz. Platinchloridverbindung des salzsauren Harn- 
stoffs. Pie 


Ann. Chem. (Liebig), 198 (1879), 91. 


1879: 10. S. M. JOraensEN. Beitrage zur Chemie der Chromammo- 
niakverbindungen. (Chloroplatinates.) Be 


J. prakt. Chem. [2], 20 (1879), 105; from Festschrift beim 400 
jahresfeste der Universitat Kopenhagen, Juni 1879; Bull. soc. 
chim. [2], 33 (1880), 199. 


1879: 11. K. Brrnpaum. Ueber ein neues Salz einer Iridiumbase. 
(Sulfit des Iridammoniums.) In 


Ber. 12 (1879), 1544; Bul. soc. chim. [2], 34 (1880), 158; Chem. 
Centrbl. 1879, 659; Chem. News, 40 (1879), 300; J. Chem. Soc. 
38 (1880), 13; Jsb. Chem. 1879, 308. 


1879: 12. P. Grog and L. F. Nitson. Ueber Platojodonitrite: kry- 
stallographische und chemische Untersuchung. Pie 
Nova Acta. Soc. Sci. Upsala [3], 10 (1879), No. 16. 
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13. L. L. DE Konincx. Ueber die Angreifbarkeit des Platins 
durch schmelzende kohlensaure Alkalien. IE: 


Ztsch. anal. Chem. 18 (1879), 569; Ber. 12 (1879), 2257; Chem. 
Centrbl. 1879, 819; Chem. News, 41 (1880), 25; Chem. Ztg. 3 
(1879), 770; Ding]. pol. J. 235 (1880), 88; J. Chem. Soe. 38 (1880), 
581; Jsb. Chem. 1879, 1042; J. Russ. Chem. Soe. 12, ii (1880), 97; 
Chem. tech. Mitth. (Elsner), 29 (1879-80), 5; 30 (1880-81), 218. 


14. T. A. Epison. Action of aqua regia on platinum. Pt. 
Scient. Amer. 41 (1879), 216; Chem. Ztg. 3 (1879), 650. 
15. E. Drecusex. Elektrolytische Versuche. (Platinelektroden 


auf Ammoniumsalze.) Pt. 


J. prakt. Chem. [2], 20 (1879), 378; Ber. 12 (1879), 2181; Chem. 
Centrbl. 1879, 753; J. Chem. Soe. 38 (1880), 300. 


16. A. Vouta. L/’ozono sopra alcuni metalli nobili. (Platinum, 
p. 526; palladium, 527.) Ptybd: 
Gazz. chim. ital. 9 (1879), 521; Ber. 13 (1880), 203; J. Chem. Soe. 
38 (1880), 205; Jsb. Chem. 1879, 192. 
1%. 3B. Reryirzer. (Verunreinigungen des Platinchlorids.) Pt. 
Ber. oster. chem. Gesell. 1879, 16; Ding]. pol. J. 234 (1879), 432. 


18. FF. See~Hermm. Ueber die Fliichtigkeit des Platins in 
Chlorgas. PE. 


Ber. 12 (1879), 2066; J. Amer. Chem. Soc. 1 (1879), 479; Bul. soc. 
chim. [2], 34 (1880), 351; Chem. Centrbl. 1879, 818; Chem. News, 
40 (1879), 241; 41 (1880), 81; J. Chem. Soc. 38 (1880), 94; Amer. 
J. Sci. [3], 19 (1880), 65; Jsb. Chem. 1879, 51, 306; Chem. Ztg. 3 
(1879), 702. 


19. V. Meyer. Antwort auf Herrn F. Seelheim’s Kritik meiner 
Versuche iiber das Chlor. Pi 


Ber. 12 (1879), 2202; J. Amer. Chem. Soc. 1 (1879), 481; Chem. 
Centrbl. 1880, 5; Jsb. Chem. 1879, 51; Chem. Ztg. 3 (1879), 769. 


20. W. Smit. Behaviour of chlorine at a high temperature, or 

results of Victor Meyer’s recent research. (Platinum chlorids as 

a source of pure chlorin for vapor density determination.) Pt: 
Chem. News, 40 (1879), 49, 69, 155, 225; Jsb. Chem. 1879, 51. 


21. F. P. Dunnineton. Dissociation of chlorine. (Platinum 
chlorids as a source of chlorin.) Pt: 
Chem. News, 40 (1879), 141, 213. 


22. H. Precut. Die Bestimmung des Kaliums als Kalium- 
platinchlorid. Pt. 
Ztsch. anal. Chem. 18 (1879), 509; Dingl. pol. J. 235 (1880), 133; 
Ber. 12 (1879), 2255; J. Chem. Soc. 38 (1880), 577; Jsb. Chem. 

1879, 1043; 1880, 1173. 
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23. W.F. Gint. (Presence of auric chlorid in platinum chlorid.) 
Pt. 


Ber. oestr. Gesel. Ford. Chem. Ind. 1, 17; Chem. Centrbl. 1880, 
449; Chem. News, 43 (1881), 25; 44 (1881), 47; Chem. Ztg. 3 
(1879), 653. 


24. N.W. Perry. Improved method for making platinum-alloy 


assays. Pt, Ir, Os: Pay iihs hoe 
Chem. News, 39 (1879), 89; Eng. and Mining J. (N. Y.), 27 (1879), 
29; Berg und Hiitten Ztg. 38 (1879), 372; Dingl. pol. J. 240 
(1881), 217; Ztsch. anal. Chem. 19 (1880), 83; J. Chem. Soc. 36 
(1879), 555; Jsb. Chem. 1880, 1196; Chem. tech. Mitth. (Elsner), 
28 (1878-79), 35. 
25. W. Hemprnt. Ueber die Grenze der Nachweisbarkeit des 
Kohlenoxydgases. (Mittelst Natriumpalladiumehloriir.) Pade 
Ztsch. anal. Chem. 18 (1879), 399. 


26. W. Hemprt. Ueber die gasanalytische Bestimmung des 
Wasserstoff durch Absorption. (Mittelst Palladium.) Pd 
Ber. 12 (1879), 636; Jsb. Chem. 1879, 1025. 


27. W. Hempeu. Die fractionirte Verbrennung von Wasserstoff 
und Sauerstoff. (Mittelst Palladium.) Pde 
Ber. 12 (1879), 1006; Jsb. Chem. 1879, 27, 1025. 


28. P. DE CiermMontT. De Vlaction des sels ammoniacaux sur 
quelques sulfures métalliques et de application des faits observés 
a Vanalyse. (No action of platinum sulfids.) Pi 


C. R. 88 (1879), 972; Bul. soc. chim. [2], 31 (1879), 483; Ber. 12 
(1879), 2092; C. R. Assoc. Frang. 8 (1879), 446. 


29. P. pr CueRMonT and FromMEL. De Il’action de l’eau sur les 
sulfures métalliques. (Platinum, p. 203.) Pt: 
Ann. chim. phys. [5], 18 (1879), 189; Jsb. Chem. 1879, 181. 


30. H. Toprsoz. Krystallografiske Undersogelser over en Raekke 
Dobbelt-Platonitrite. Pt. 


Oversigt. Danske Sels. Forh. Kjobenhavn, 1879, 1; Ber. 12 (1879), 
1730; Ztsch. Kryst. 4 (1880), 469; Jsb. Chem. 1879, 307; 1880, 363. 


31. E. Lommet. Ueber die dichroitische Fluorescenz des Mag- 
nesiumplatincyanirs. Po: 


Ann. der Phys. (Pogg.) [2], 8 (1879), 634; Sitzber. Phys. Med. 
Soc. Erlangen, 12 (1880), 27; Repert. Exp. Phys. 16 (1880), 714. 


32. T.J. Parker. On some applications of osmic acid to micro- 
scopic purposes. Os. 
J. Roy. Micros. Soc. 2 (1879), 381; Journ. of Sci. (Crooke’s?) [3], 

1 (1879), 704. 








1879: 


1879: 


1879: 


1879: 


1Bi9: 


1879: 


1879: 


1879: 


1879: 


1879: 


1879: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 181 


33. R. Atrmann. Ueber die Verwerthbarkeit der Corrosion in 
der mikroskopischen Anatomie. (Use of osmic acid.) Os. 
Archiv f. mikros. Anat. 16 (1879), 471; J. Roy. Micros. Soc. 2 
(1879), 610; Journ. of Sci. [3], 1 (1879), 704. 
34, KH. H. Sarnre-Cuaire Devitte and E. Mascart. Sur la 
construction de la régle géodésique internationale. (Analysis and 
properties of the standard.) Pt, Ir, Rh, Ru. 
Ann. Ecole Normale, Paris, 8 (1879), 9; Ann. chim. phys. [5], 16 
(1879), 506; C. R. 88 (1879), 210; Dingl. pol. J. 232 (1879), 547. 
35. VaN ALLEN. [Letter describing John Hola process of 
drilling holes in osmiridium. | Ir, Os. 
J. Frank. Inst. [3], 78 (1879), 72. 


36. D. Cuerk and C. A. Fawsirr. Coating iron and steel with 
platinum. (Engl. Pat. 1182, Mar. 25, 1879.) ; Pie 
J. Amer. Chem. Soc. 2 (1880), 141; Ber. 13 (1880), 585. 


37. J.B.A.Dop&. Coating metals with platinum. (Amer. Pat. 

219807.) Pt. 
J. Amer. Chem. Soc. 1 (1879), 407. 

38. A. P.G. Daumesnin. Metalle mit schiitzenden Ueberzug zu 

versehen. (Germ. Pat. Klasse 48, No. 10059, Oct. 18, 1879.) 

(Plating with platinum.) Pie 
Dingl. pol. J. 237 (1880), 302; Chem. Indust. 3 (1880), 279; Chem. 

Ztg. 4 (1880), 522; Jsb. Chem. 1880, 1249. 

39. L. M. Storren. (Plating with platinum.) Pt 
Monit. scient. [3], 9 (1879), 1099. 

40. G.Janecek. (No platinum in so called platina amalgams in 

dentistry.) Pt. 


Chem. Indust. 2 (1879), 249; Dingl. pol. J. 240 (1881), 216; Chem. 
tech. Mitth. (Elsner), 28 (1878-79), 193. 


41. Konrtnox. (Platineisen Bilder in Photographie.) Biz 
Phot. Mitth. 16 (1879), 73; Chem. Centrbl. 1879, 537. 
42. ———.._ Platindruckverfahren. Pt: 
Photog. Archiv, No. 385; Chem. tech. Mitth. (Elsner), 28 (1878- 
79), 235. 


43. J. Vio~itE. Chaleurs spécifiques et points de fusion de divers 
métaux réfractaires. (Melting point of palladium, platinum and 
iridium and specific heat of iridium.) Pd: Pt, ln: 
C. R. 89 (1879), 702; Bul. soc. chim. [2], 35 (1881), 434; Ding]. pol. 
J. 235 (1880), 468; Phil. Mag. [5], 8 (1879), 501; Ztsch. anal. 
Chem. 19 (1880), 203; Jsb. Chem. 1879, 92; J. Russ. Chem. Soc. 

12, ii (1880), 142. 
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44, J. ViouLe. Sur la radiation du platine incandescent. Pt. 
,C. R. 88 (1879), 171; Chem. News, 39 (1879), 83; J. Chem. Soc. 36 
(1879), 573. 
45. T. A. Epison. On the phenomena of heating metals in 
vacuo by means of an electric current. (Platinum shows green 
flame and loss of weight.) Pi: 
Proc. Amer. Assoc. 1879, 173; Chem. News, 40 (1879), 152; Jsb. 
Chem. 1879, 1090. 
46. G. D. Livetne and J. Dewar. On the reversal of the lines 
of metallic vapours. (Platinum and palladium give no reversals, 
p. 406.) Pi, Pd: 
Proc. Roy. Soc. London, 29 (1879), 402. 


47. A. Gouy. Recherches photométriques sur les flammes col- 

orées. (Spectra of flames charged with vapors of osmium, plati- 

num, palladium and iridium, p. 100.) Os; PisPd, ae 
Ann. chim. phys. [5], 18 (1879), 1. 


48. HK. L. Nicnots. On the character and intensity of the rays 
emitted by glowing platinum. Pt 
Amer. J. Sci. [3], 18 (1879), 446; Jsb. Chem. 1879, 157. 


49. J. H. Guapstone and A. Trise. Investigations into the 

action of substances in the nascent and occluded conditions. 

(Preparation of pure platinum, p. 176; occluded hydrogen on 

palladium, 177; platinum, 178.) Pt, Pa 
J. Chem. Soe. 35 (1879), 172; Ber. 12 (1879), 389. 


50. F. Hoppr-Seyter. Erregung des Sauerstoffs durch nasci- 

renden Wasserstoff. (Reducirende Wirkung des Palladiumwas- 

serstoffs. ) Pad? 
Ber. 12 (1879), 1551; Jsb. Chem. 1879, 189. 


51. K.R.Kocn. Ueber die Verainderung, welche die Oberflache 
des Platins und des Palladiums durch die Sauerstoffpolarisation 


erfahrt. Pt, Pad. 
Ann. der Phys. (Pogg.) [2], 8 (1879), 92; J. Chem. Soc. 36 (1879), 
1005. 


52. G. GorE. Chemico-electric relations of metals in solutions 
of salts of potassium. (Full investigation.) Pt, Rh; ieee 
Proc. Roy. Soc. London, 30 (1879), 38; Jsb. Chem. 1880, 155. 


53. R. C. Borrezr. (Ladungsphinomena des Palladiums und 
des Platins mit Sauerstoff und Wasserstoff.) Pd; Pt: 
Polyt. Notizbl. 34 (1879), 39; Chem. Centrbl. 1879, 241. 
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54. J. H. Guapstone and A. Trise. On dry copper-zine 

couples and analogous agents. (Zinc-platinum and zinc-palla- 

dium, p. 575; magnesium platinum, 576.) Ed>Pt. 
J. Chem. Soe. 35 (1879), 567. 


55. L. SCHWENDLER. On a new standard of light. (Glowing 
platinum.) Pt. 
J. Asiatic Soc. Bengal, 48, ii (1879), 83; Dingl. pol. J. 235 (1880), 
271; Phil. Mag. 8 (1879), 392; Nature, 21 (1880), 158; Jsb. Chem. 
1880, 1361; Chem. Ztg. 4 (1880), 190; Scient. Amer. 41 (1879), 216; 

Chem. Ztg. 3 (1879), 650. 


1. A. Kopprn. (Discovery [and history?] of platinum in Rus- 
sia.) Pt: 


Russische Revue, 9 (1880), 460; referred to Dingl. pol. J. 255 
(1885), 489. 


2. J. S. Newsperry. The origin and classification of ore de- 


posits. (Platinum deposits, p. 38.) Bt: 
School of Mines (N. Y.) Quart. 1 (1880), 87. 


24. G. F. Becker. Atomic Weight Determinations: a digest of 
the investigations published since 1814. 1880. Smithsonian 
Miscellaneous Collections, xxvii; Constants of Nature. Part 4. 
(Platinum, p. 98; palladium, p. 95; iridium, p. 64; rhodium, p. 
101; osmium, p. 94; ruthenium, p- 103.) Pt ed: ie Rh, Os, Ru. 


3. T. Witm. (Beitrige zur Chemie der Platinmetalle.) (Prepa- 
ration of platinum metals, especially palladium.) Po, Pd, ire 


J. Russ. Chem. Soe. 12, i (1880), 81, 327; Ber. 13 (1880), 1198; Bul. 
Chem. Soc. [2], 34 (1880), 679; 35 (1881), 66; Chem. Centrbl. 
1880, 546; 1881, 37; Chem. News, 43 (1881), 292; Dingl. pol. J. 
237 (1880), 332; J. Chem. Soc. 38 (1880), 854; 40 (1881), 226; Jsb. 
Chem. 1880, 365, 1196; Monit. scient. 23 (1881), 799; Chem. Ztg. 
4 (1880), 473. 


4. G. Prartortus-Seipter. Zur Kenntniss des Cyanamids. 


(Platindoppelsalze des Sulfoharnstoffs, p. 142.) Bt: 
J. prakt. Chem. [2], 21 (1880), 129. 
5. V. Meyer and J. Zusiin. Ueber Platinbromid. Pt. 


Ber. 13 (1880), 404; Chem. Centrbl. 1880, 261; Chem. News, 42 
(1880), 120; J. Chem. Soc. 38 (1880), 445; Jsb. Chem. 1880, 362. 


6. R. Encer. Sur un hypophosphite platineux. (Action of 
phosphin on platinum tetrachlorid.) Pt. 
C. R. 91 (1880), 1068; Bul. soc. chim. [2], 35 (1881), 100; Chem. 
Centrbl. 1881, 68; Jsb. Chem. 1880, 361; J. Russ. Chem. Soe. 13, 
ii (1881), 247; Chem. Ztg. 5 (1881), 61; J. Chem. Soc. 40 (1881), 

226; Chem. News, 43 (1881), 234. 
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%. F.Isampert. Sur les combinaisons du gaz ammoniac avec le 
chlorure et Viodure du palladium. Rad: 


C. R. 91 (1880), 768; Ber. 13 (1880), 2409; Chem. Centrbl. 1880, 806; 
Chem. News, 42 (1880), 294; Jsb. Chem. 1880, 366; J. Russ. Chem. 
Soe. 13, ii (1881), 278. 


8. O. T. CHRISTENSEN. Bidrag til Chromammoniakforbindel- 
sernes Kemi. (Chloroplatinates of chromium bases.) oe 
Oversigt. Dansk. Vid. Sels. Kjobenhavn, 1880, 1; 1881, 85; J. 
prakt. Chem. [2], 23 (1881), 26, 54; 24 (1881), 74; Bul. soc. chim. 

[2], 36 (1881), 313, 316; Jsb. Chem. 1881, 237. 


9. G.N. Wyrovusorr. Remarques sur le sulfocyanate de platine 
de M. V. Marcano. [Cf. 1868: 5.] Pt 


Bul. soe. chim. [2], 33 (1880), 402; Chem. Centrbl. 1880, 449; J. 
Chem. Soc. 38 (1880), 618. 


10. V. Marcano. Sulfocyanate de platine. Pt. 


Bul. soc. chim. [2], 33 (1880), 250, 402; Ber. 13 (1880), 925; (Chen 
Centrbl. 1880, 277; J. Amer. Chem. Soe. 2 (1880), 363, 430; Jsb. 
Chem. 1880, 403. 


11. R. Scnorrz. Ueber einige Platincyandoppelverbindungen. 


(With measurements of crystals.) Pt. 


Sitzber. Akad. Wien, 82, ii (1880), 1233; Ber. 14 (1881), 514; 
Monatsh. f. Chem. 1 (1880), 900; Jsb. Chem. 1881, 320; J. Chem. 
Soe. 40 (1881), 707; Chem. Ztg. 5 (1881), 60. 


12. A. RicHarp and A. Brrrranp. Sur le platinocyanure 

double de magnésium et de potassium. Pt: 

Bul. soe. chim. [2], 34 (1880), 630; Ber. 14 (1881), 108; Chem. 
Centrbl. 1881, 38; Jsb. Chem. 1880, 364. 

13. P. T. Creve.. Om erbinjorden. (Erbium chloroplatinate.) 


Pb. 
Oefversigt. Akad. Forh. Stockholm, 37 (1880), No. 7, 3; C. R. 91 
(1880), 381; Jsb. Chem. 1880, 305. 


: 14. W. Sprine. Recherches sur la propriété que possedent les 


corps de se souder sous l’action de la pression. (Platinum, Ann. 
chim. phys., p. 187.) Pie 
Bull. Acad. Bruxellés, 49 (1880), 323; Rev. Univ. des Mines [2], 8 
(1880), 470; Ann. chim. phys. [5]. 22 a. 170. 
15. A. Drrre. Action de lVacide chlorhydrique sur les chlorures 
metalliques. (On platinum tetrachlorid.) Pt: 
C. R. 91 (1880), 986; Ann. chim. phys. [5], 22 (1881), 551; Chem. 
Centrbl. 1881, 36; Jsb. Chem. 1881, 154. 
16. V. Meyer. Einige Versuche tiber die Dampfdichten der 
Alkalimetalle. (Action of potassium and sodium on platinum.) 
Ber. 13 (1880), 391. Pt 
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1%. J. M. Eper. Ueber die hervorragenden reducirenden 
Eigenschaften des Kaliumferrooxalates und einige durch dasselbe 
hervorgerufene Reactionen. (Reduction of chlorid of platinum.) 

Pi 


Sitzber. Akad. Wien, 81, ii (1880), 196; Ber. 13 (1880), 500; Chem. 
Indust. 3 (1880), 142; Jsb. Chem. 1880, 770; Monatsh. f. Chem. 
1 (1880), 137; Ztsch. anal. Chem. 21 (1882), 107. 


18. T. L. Puipson. On the reduction of auric chloride by hydro- 
gen in presence of platinum. (Hydrogen condensed on platinum.) 
Chem. News, 41 (1880), 13; Jsb. Chem. 1880, 361. Pt. 


19. D. Tommasi. On the reduction of chloride of gold by hydro- 
gen in the presence of platinum. (Hydrogen condensed on plati- 


num.) Pt, 
Chem. News, 41 (1880), 116; Jsb. Chem. 1880, 361. 


20. H. Goupscumipt. Die Valenz des Phosphors. (Note on ac- 
tion of platinum on phosphorus pentachlorid.) Pi 


Jsb. Lese- u. Redehalle d. deutsch. Stud. Prag, 1880-81; Chem. 
Centrbl. 1881, 489; Jsb. Chem. 1881, 188. 


21. A. Certes. Sur lanalyse micrographique des eaux. (Os- 
mium tetroxid in water analysis.) Os. 
C. R. 90 (1880), 1435; Jsb. Chem. 1880, 1144. 


22. C. VINCENT. Note sur les réactions produites par la dimé- 
thylamine aqueuse sur les dissolutions métalliques. (On platinum 
and palladium solutions.) Pi,Pd. 


Bul. soe. chim. [2], 33 (1880), 156; Chem. Centrbl. 1880, 278; Ztsch. 
anal. Chem. 19 (1880), 480. 


23. T. T. Morrextt. Estimation of small quantities of potash 
with platinic chloride. Pt: 
J. Amer. Chem. Soc. 2 (1880), 145; Ber. 13 (1880), 1886; Chem. 


Ztg. 4 (1880), 509; Jsb. Chem. 1880, 1173; Dingl. pol. J. 241 
(1881), 140. 


24. J. von Fopor. (Palladium chlorid as reagent for carbon 

monoxid.) Pd. 

Deutsch. Vierteljsch. off. Gesundhpflege. 12 (1880), 3877; Ztsch. 
anal. Chem. 22 (1883), 81; Jsb. Chem. 1883, 1555. 


25. H. von Jtprner. Die Trennung des Goldes mittelst Cad- 
mium. (From the platinum metals.) Pie eds ir Rh. Os; Ha 


Oester. Ztsch. Bergwesens, 28 (1880), 182; Chem. Ztg. 4 (1880), 
276; Jsb. Chem. 1880, 1196. 


186 


1880: 


1880: 


1880: 


1880: 


1880: 


1880: 


1880: 


1880: 


1880: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 


26. C. Lucxow. Ueber die Anwendung des elektrischen 
Stromes in der analytischen Chemie. (Electrolytic determination 
of platinum, p. 13.) Ft 
Ztsch. anal. Chem. 19 (1880), 1; Chem. News, 41 (1880), 213; Ding]. 
pol. J. 239 (1881), 307; Jsb. Chem. 1880, 1140. 
27. L. Scuucut. Zur Elektrolyse. (Electrolytic determination 
of palladium.) Pd. 
Berg und Hitten Ztg. 39 (1880), 121; Chem. News, 41 (1880), 280; 
Chem. Centrbl. 1880, 374; Chem. Ztg. 4 (1880), 293; Jsb. Chem. 
1880, 174, 1143. 
28. J. H. Desray. Action des acides sur les alliages du rho- 
dium avec le plomb et le zine. (Also lead alloys with the other 
platinum metals.) Rh, Pt, Pd, tr; Os; Ru: 
C. R. 90 (1880), 1195; Chem. Centrbl. 1880, 433; Chem. News, 41 
(1880), 295; J. Chem. Soc. 38 (1880), 706; Jsb. Chem. 1880, 368; 
J. Russ. Chem. Soc. 12, ii (1880), 377. 
29. A. D. vAN Riemspisk. Le phénoméne de l’éclair dans les 
essais d’or et l’influence exercée sur ce phénoméne par les métaux 
du groupe du platine. Pt, Pd, Iz) 0s, Rue 


Archiv. Néerland. 15 (1880), 185; Ann. chim. phys. [5], 20 (1880), 
66; Chem. News, 41 (1880), 126, 266; Ber. 13 (1880), 936; Berg 
und Hiitten Ztg. 39 (1880), 247, 275. 


30. E. WimpEMANN. Ueber das durch electrische Entladungen 

erzeugte Phosphorescenzlicht. (Electrischer Dichroismus des 

Platincyanbariums.) Pt. 
Ann. der Phys. (Pogg.) [2], 9 (1880), 157; Jsb. Chem. 1880, 186. 


31. KE. Lommern. Ueber die Erscheinungen, welche eine senk- 
recht zur optischen Axe geschnittene Platte von Magnesiumplatin- 
cyaniir im polarisirten Licht zeigt. Pt. 


Sitzber. Phys. Med. Soc. Erlangen, 12 (1880), 33; Ann. der Phys. 
(Pogg.) [2], 9 (1880), 108; Repert. Exp. Phys. 17 (1881), 254. 


32. EE. Lommen. Ueber Fluorescenz. (Platinum cyanids.) Pt. 
Sitzber. Phys. Med. Soc. Erlangen, 12 (1880), 53; Ann. der Phys. 
(Pogg.), 10 (1880), 449, 631; Repert. Exp. Phys. 16 (1880), 733. 
33. P. GrotH (L. CaupEron, J. H. vanr’Horr, A. Howe, A. 
Fock). (Crystallography of the platinum iodonitrites.) Pte 
Ztsch. Kryst. 4 (1880), 492; Jsb. Chem. 1880, 363. 


34. F. Brrttstern. (Loss of weight of platinum crucibles by 


heating). Pt. 

Pharm. Ztsch. Russ. 19 (1880), 630; J. Russ. Chem. Soc. 12, i 

(1880), 298; Chem. Centrbl. 1880, 614; Jsb. Chem. 1880, 1145; 
Ztsch. anal. Chem. 20 (1881), 407. 
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35. <A. ScHEuRER-KestNer. Sur la dissolution du platine dans 
Vacide sulfurique. (During concentration.) lens 


C. R. 91 (1880), 59; Ber. 13 (1880), 1975; Chem. Centrbl. 1880, 564; 
Chem. News, 42 (1880), 61; J. Chem. Soc. 38 (1880), 706; Jsb. 
Chem. 1880, 361; J. Russ. Chem. Soc. 13, ii (1881), 46. 


386. F. KUHLMANN (FILS). Explosion d’un alambic de platine 
servant 4 la concentration de l’acide sulfurique. Pt 
Bul. soc. chim. [2], 33 (1880), 50, 97; Dingl. pol. J. 237 (1880), 
253; J. Chem. Soc. 38 (1880), 517; Jsb. Chem. 1880, 1249; J. 


Amer. Chem. Soc. 2 (1880), 130; Analyst, 5 (1880), 10; Chem. 
Ztg. 4 (1880), 8. 


37. CO. Fasre. (Platinotypie.) Pt. 


Bul. de l’Assoc. Belge. de Phot. 6, 302; Photog. Corresp. 17 (1880), 
38; Chem. Centrbl. 1880, 383; Dingl. pol. J. 237 (1880), 416; Jsb. 
Chem. 1880, 1393; Chem. tech. Mitth. (Elsner), 30 (1880-81), 273. 


38. M. Brertuetot. Sur quelques relations générales entre la 
masse chimique des élémens et la chaleur de formation de leur 
combinaisons. (Platinum and palladium compounds.) PipPa. 


Ann. chim. phys. [5], 21 (1880), 386; C. R. 90 (1880), 1511; 91 
(1880), 17; Rev. scient. 19 (1880), 26; Jsb. Chem. 1880, 134. 


39. P. Desatns and P. Curtz. Recherches sur la détermination 

des longeurs d’onde des rayons calorifiques 4 basse température. 

(Of glowing platinum.) Pt 
C. R. 90 (1880), 1506; Jsb. Chem. 1880, 196. 


40. E. Boury. Mesure des forces électromotrices thermoélec- 
triques au contact d’un métal et d’un liquide. (Platinum and 


liquids.) Pie 
C. R. 90 (1880), 917; Séanc. Soc. Phys. Paris, 1880, 96; Jsb. Chem. 
1880, 160. 


41. G. Gore. On the thermo-electric behaviour of aqueous solu- 
tions with platinum electrodes. Pie 
Proc. Roy. Soc. London, 31 (1881), 244. 


42. ©. A. Youne. On the thermo-electric power of iron and 
platinum in vacuo. Pt. 
Amer. J. Sci. [3], 20 (1880), 358; Phil. Mag. [5], 10 (1880), 450. 


43. R. Bronptot. Sur une nouvelle propriété électrique du 
sélénium et sur l’existence des courants tribo-électriques propre- 
ment dits. (Selenium and platinum in contact.) Pt. 


C. R. 91 (1880), 882; Séane. Soc. Phys. Paris, 1880, 196; Repert. 
Exp. Phys. 17 (1881), 259; Jsb. Chem. 1880, 175. 
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44, E.H. Haut. Ona new action of magnetism on a permanent 
electric current. (Platinum, Phil. Mag., p. 321.) Piz 
Amer. J. Sci. [3], 20 (1880), 161; Phil. Mag. [5], 10 (1880), 301; 
Jsb. Chem. 1880, 172, 173. 
45. H. Hetmuourz. Ueber Bewegungsstro6me am polarisirten 
Platina. Pt. 
Monatsber. Akad. Berlin, 1880, 285; Ann. der Phys. (Pogg.) [2], 
11 (1880), 737. 
1. W. E. Hippen. Notes on mineral localities in North Caro- 
lina. (No platinum in five localities.) ‘Pt: 
Amer. J. Sci. [3], 22 (1881), 25; Jsb. Chem. 1881, 1347. 


2. P. Cottier. A remarkable nugget of platinum. (From 
Plattsburgh, N. Y.; with analysis.) Pt, Pd) ir Os Rhu 
Amer. J. Sci. [3], 21 (1881), 123; Ztsch. Kryst. 5 (1881), 515; Jsb. 
Chem. 1881, 1347; J. Chem. Soc. 44 (1883), 426; Jahrb. f. Min. 

1883, 1, Ref. 27. 


3. ————.._ Gold and platinum in Russia. Pts 
Engineering, 31 (1881), 163; Ding]. pol. J. 240 (1881), 152; J. Chem. 

Soe. 40 (1881), 769. 
4, ——_____._ Increased importance of iridium. ‘Tay 


Scient. Amer. 44 (1881), 369; Berg und Hiitten Ztg. 40 (1881), 
327; Chem. Centrbl. 1882, 47. 


5. T. Witm. (Beitrage zur Chemie der Platinmetalle.) (Puri- 
fication of palladium; precipitation of rhodium and _ palladium; 
solution of platinum metals in hydrochloric acid; rhodium and 
hydrogen.) Rh, Pd, Pt, ir-Os, hme 
J. Russ. Chem. Soe. 13, i (1881), 360, 517, 560; Ber. 14 (1881), 629; 

15 (1882), 241 (abst.); Bul. soc. chim. [2], 36 (1881), 436; 37 
(1882), 344, 545; 38 (1882), 139, 167; Chem. Centrbl. 1881, 321; 

1882, 23, 153; Dingl. pol. J. 240 (1881), 325; 244 (1882), 87; J. 
Chem. Soc. 40 (1881), 514; Jsb. Chem. 1881, 306; 1882, 359, 1389; 
Chem. Ztg. 5 (1881), 252; Chem. tech. Mitth. (Elsner), 30 (1880- 


81), 219. 
6. T. Wiim. (Ueber,das Verhalten von Palladium, Rhodium 
und Platin zu Leuchtgas.) Pd, Rhy Pts 
J. Russ. Chem. Soe. 13, i (1881), 490; Ber. 14 (1881), 874; Amer. 
Chem. J. 3 (1881), 154; Bul. soc. chim. [2], 36 (1881), 438; Ding]. 
pol. J. 241 (1881), 150; J. Chem. Soc. 40 (1881), 706; Jsb. Chem. 
1881, 307; Chem. Ztg. 5 (1881), 323. 
7. W. Grpps. On osmyl-ditetramin. Os. 


Amer. Chem. J. 3 (1881), 233; Ber. 14 (1881), 2820; J. Chem. Soe. 
42 (1882), 144; Jsb. Chem. 1881, 308; J. Russ. Chem. Soe. 14, ii 
(1882), 207. 
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1881: 8. O. Hessz. Neue Platinsalze. (Chlorplatinates of quinin 


1881: 


1881: 


1881: 


1881: 


1881: 


1881: 


1881: 


derivatives.) Pt. 


Ann. der Chem. (Liebig), 207 (1881), 309; Chem. News, 44 (1881), 
83; J. Chem. Soc. 40 (1881), 922; Monit. scient. 23 (1881), 1122; 
Chem. Ztg. 5 (1881), 400. 


9. K.Sruspert. Ueber das Atomgewicht des Platins (194.177). 


PEE 
Ann. der Chem. (Liebig), 207 (1881), 1; Ber. 14 (1881), 865; Pharm. 
Ztsch. Russ. 20 (1881), 256; Amer. Chem. J. 3 (1881), 157; Amer. 
J. Sei. [3], 21 (1881), 398; Bul. soc. chim. [2], 36 (1881), 437; 
Chem, Centrbl. 1881, 321; Chem. News, 43 (1881), 252; 44 (1881), 
82; J. Chem. Soc. 40 (1881), 514; Jsb. Chem. 1881, 6; J. Russ. 
Chem. Soe. 14, ii (1882), 64; Chem. Ztg. 5 (1881), 217; Repert. 
anal. Chem. 1 (1881), 151. 


10. A. Ortowsky. (Affinity between platinum and sulfur.) Pt. 
J. Russ. Chem. Soc. 13, i (1881), 547; Ber. 14 (1881), 2823; Jsb. 
Chem. 1881, 24. 


11. E. Pomey. Sur les combinaisons phesphoplatiniques. Pt. 


C. R. 92 (1881), 794; Bul. soc. chim. [2], 35 (1881), 420; Chem. 
Centrbl. 1881, 322; Chem. News, 43 (1881), 222; Jsb. Chem. 1881, 


305. 
12. P. ScHiTzENBERGER. Carbure de platine. Be. 
Bul. soc. chim. [2], 35 (1881), 355; J. Russ. Chem. Soe. 14, ii (1882), 

149. 


13. F. W. Cuarke and Mary E. Owrens. Some new compounds 
of platinum. (Action of potassium cyanate on platinum tetra- 
chlorid and on Magnus’ salt; potassium thiocyanate on platinum 
tetrachlorid; and hydrogen sulfid on strychnin chloroplatinate.) 

Pt. 


Amer. Chem. J. 3 (1881), 351; Ber. 15 (1882), 352; Chem. News, 45 
(1882), 62; Bul. soc. chim. [2], 37 (1882), 400; Chem. Centrbl. 
1882, 153; J. Chem. Soe. 42 (1882), 299; Jsb. Chem. 1881, 305; 
Scient. Proce. Ohio Mech. Inst. 1 (1882), 45; Chem. Ztg. 6 (1882), 
69. 


14. 8. M. Joércensen. Beitriige zur Chemie der Kobaltammo- 
niakverbindungen. (Chloroplatinates.) Pt. 
J. prakt. Chem. [2], 23 (1881), 227; Bul. soc. chim. [2], 36 (1881), 

311; Jsb. Chem. 1881, 251. 


144. A. Cozson. Sur la diffusion des solides dans les solides. 
(Platinum does not react with carbon.) Pt: 
C. R. 93 (1881), 1074; Jsb. Chem. 1881, 79. 
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15. J. Horuanp. Process of fusing and moulding iridium. (By 
fusion with phosphorus.) (U. S. Patent, 241216; D. R. pat., 
15979, May 10, 1881.) Ir. 
J. Amer. Chem. Soc. 3 (1881), 158; Dingl. pol. J. 244 (1882), 219; 
Oester. Ztsch. Berg und Hiitten Wesen, 29 (1881), 678; Chem. 


Centrbl. 1882, 334; Jsb. Chem. 1882, 1388; Chem. tech. Mitth. 
(Elsner), 31 (1881-82), 105. 


16. F. W. Cuarxe. An abstract of the results obtained in a 
recalculation of the atomic weights. (Platinum metals, Phil. 
Mag, p.1108: Am. C.J:,.9 2715) Pt, Pd, ir, Rh, Os; Rae 


Phil. Mag. [5], 12 (1881), 101; Amer. Chem. J. 3 (1881), 263; Jsb. 
Chem. 1881, 7. 


17. J. Dewar and A. Scorr. On some vapor density determina- 
tions. (Platinum bichlorid.) Pig 


Rept. Brit. Assoc. 1881, 597; Ann. der Phys. (Pogg.), Beibl. 7 
(1883), 149; Jsb. Chem. 1883, 48. 


18. G. Campari. Ricerca dell’ oro e platino in presenza dell’ 
arsenico, dello stagno e dell’ antimonio. (Quantitative separation 
of platinum from arsenic, tin and antimony.) Pt. 


Annali di chim. 74 (1882), 1; Ber. 15 (1882), 958; Chem. Ztg. 6 
(1882), 161. 


19. F. Fretp. Laboratory observations: On the detection of 
small quantities of platinum; action of organic substances in re- 
action with platinum iodide and potassium iodide in water an- 
alysis. Pt (Pd; Rhy} 
Chem. News, 43 (1881), 75, 180; Ber. 14 (1881), 693, 1296; Chem. 
Centrbl. 1881, 251; J. Chem. Soc. 40 (1881), 649; Ztsch. anal. 


Chem. 21 (1882), 421; 22 (1883), 252; Jsb. Chem. 1882, 1260; J. 
Russ. Chem. Soe. 13, ii (1881), 340. 


20. D. Liypo. Estimation of potassium as platinum salt. Pt. 


Chem. News, 44 (1881), 77, 86, 97, 129; Ztsch. anal. Chem. 21 (1882), 
406. : 


21. G. Unex. Ueber Kalibestimmung als Kaliumplatinchlorid. 


Pt. 


Repert. anal. Chem. 1 (1881), 306; Ztsch. anal. Chem. 22 (1883), 
560. 


: 22. R. R. Tartock. On the determination of potassium as 


potassium platino-chloride. Pt. 
Chem. News, 43 (1881), 273. 


23. 8. ZucKscHWERDT and B. West. Ueber die Bestimmung . 


des Kaliums als Kaliumplatinchlorid. Pt. 


Ztsch. anal. Chem. 20 (1881), 185; Dingl. pol. J. 241 (1881), 140; 
Chem. News, 43 (1881), 251. 
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24. ©O. Wattacu. Zur Analyse von organischen Platinsalzen. 
(Note.) Pt. 


Ber. 14 (1881), 753; Bul. soe. chim. [2], 36 (1881), 575; Chem. 
Centrbl. 1881, 389; J. Chem. Soe. 40 (1881), 715; Jsb. Chem. 1881, 
1194; Chenf. News, 47 (1883), 249; Chem. Ztg. 5 (1881), 289. 


25. L. Magar. Sull analisa protistologica delle acque potabili. 
(Use of palladium chlorid in place of osmium tetroxid in water 
analysis.) Pd, Os. 

Le stazioni sperimentali agrarie ital. 11 (1882), 28; Rendic. Inst. 


Lomb. Milano, 14 (1881), 621; Gazz. chim. ital. 13 (1883), 323; 
Rev. scient. 3 (1882), 661; Jsb. Chem. 1883, 1526. 


26. A. TscutrIkorr (ScuiriKow). (Use of palladium in esti- 
mation of hydrogen.) Pd. 


J. Russ. Chem. Soe. 14, i (1882), 47; Bul. soc. chim. [2], 28 (1882), 
171; Chem. Centrbl. 1882, 821; Jsb. Chem. 1882, 59, 1263; Ztsch. 
anal. Chem. 22 (1883), 240; Ber. 15 (1882), 958; Ann. der Phys. 
(Pogg.) Beibl. 8 (1884), 629; Chem. Ztg. 8 (1884), 1289; Repert. 
anal. Chem. 2 (1882), 120. 


27. [R.?] Scunrmer. Ueber das Palladiumchloriir als Reagens 
auf Kohlenoxyd. Pad: 
Repert. anal. Chem. 1 (1881), 54; Chem. Centrbl. 1881, 201. 


28. A. Rimont. De l’attaque du platine sous Vinfluence de la 
flamme. (Crucibles.) Bt: 


Bul. soe. chim. [2], 35 (1881), 353 (note), 486; Ber. 14 (1881), 1394; 
Chem. Centrbl. 1881, 440; Chem. News, 44 (1881), 169; J. Chem. 
Soe. 40 (1881), 882; Jsb. Chem. 1881, 304; School of Mines (N. Y.) 
Quart. 3 (1882), 301; J. Russ. Chem. Soc. 14, ii (1882), 236; 
Repert. anal. Chem. 1 (1881), 189. 


29. C. A.M. Batuine. Beitrag zur Volumetrie einiger Metalle. 
(Influence of platinum in quartation of gold by cadmium.) Pt. 


Oester. Ztsch. Berg- und Hiitten-Wesen, 29 (1881), 51; Chem. Ztg. 
5 (1881), 113; Jsb. Chem. 1881, 1156. 


30. E. Lommet. Ein Polarisationsapparat aus Magnesiumplatin- 
cyaniir. Pt 


Sitzber. Phys. Med. Soc. Erlangen, 13 (1881), 31; Ann. der Phys. 
Pogg. [2], 13 (1881), 347. 


31. H. Busu. Metallurgie des Platins. (Use of platinum al- 
loys.) Bt. 
Centralztg. Optik. Mech. 2 (1881), 30; Dingl. pol. J. 240 (1881), 
216; Polyt. Notizbl. 36 (1881), 54; Repert. anal. Chem. 1 (1881), 

94, 
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32. —————. Zur Herstellung und Verwendung des Platins. 
(Editorial review.) Pir 
Dingl. pol. J. 240 (1881), 213; J. Chem. Soc. 40 (1881), 792. 


33. P. Casamagor. (New filtering apparatus.) Pi 


J. Amer. Chem. Soc. 3 (1881), 125; Chem. News, 45 (1882), 148; 
Monit. scient. 24 (1882), 884. 


34. O.J. Brocu, E. H. SAIntE-CLAIRE DEVILLE, and J. S. Stas. 
De la régle en forme d’X et en platine iridié pur 4 10 pour 100 
iridium. Pt, Ir, Pd, Rh, Os; Raw 

Ann. chim. phys. [5], 22 (1881), 120; J. Chem. Soc. 40 (1881), 680. 


35, ——————._ (Platindruck.) Pe 
Photog. Archiv, 27 (1881), 2; Chem. Centrbl. 1881, 175; Ding]. pol. 


J. 240 (1881), 405; J. Chem. Soc. 42 (1882), 115; Jsb. Chem. 1881, 
1342, 


36. EK. Baumann. Zur Kenntniss des aktiven Sauerstoffs. (Pal- 
ladiumwasserstoff.) Pde 
Ztsch. physiol. Chem. 5 (1881), 244. 


37. J. VioLtte. Sur la loi de rayonnement. (Intensités lumi- 
neuses des radiations emisés par le platine incandescent.) Pt. 


C. R. 92 (1881), 866, 1204; J. Chem. Soe. 40 (1881), 669; Jsb. Chem. 
1881, 116; Phil. Mag. [5], 13 (1882), 147. 


38. EH. L. Nicuons. Note on the electrical resistance and the 
coefficient of expansion of incandescent platinum. Pte 


Proc. Amer. Assoc. 1881, 24; Amer. J. Sci. [3], 22 (1881), 363; 
Phil. Mag. [5], 13 (1882), 38; Ber. 15 (1882), 524; J. Chem. Soe. 42 
(1882), 354; Jsb. Chem. 1881, 94; 1882, 149. 


39. F. Srremntz. Ueber die durch Entladung von Leydener 
Flaschen hervorgerufene Zersetzung des Wassers an Platinelektro- 
den. Pes 


Sitzber. Akad. Wien, 83, ii (1881), 618; Anzeiger Akad. Wien, 18 
(1881), 67; Ann. der Phys. (Pogg.), [2], 13 (1881), 644. 


40. G.H. Jounson. On the synthetical production of ammonia 
by the combination of hydrogen and nitrogen in presence of 


heated spongy platinum. Pt. 
J. Chem. Soe. 39 (1881), 128, 130; J. Russ. Chem. Soc. 14, ii (1882), 
146. 


1. A. von Lasautx. Ueber einen ausgezeichneten Krystall von 
dunklem Osmiridium aus dem Ural. (Crystallographic.) Os, Ir. 


Sitzber. Niederrhein. Gesell. Bonn, 39 (1882), 99; Ztsch. Kryst. 8 
(1884), 303; Jsb. Chem. 1884, 1902. ’ 
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2. W.H.SeAmon. Examination of gold, silver, etc., alloys found 
in grains along with the native platinum of Colombia, 8. America. 
Pt. 
Chem. News, 46 (1882), 215; J. Chem. Soc. 44 (1883), 160; Jsb. 
Chem. 1882, 1522. 
3. W. H. Seamon. Analysis of native palladium-gold from 
Taguaril, near Subara, province of Minas Geraes, Brazil. Pad: 
Chem. News, 46 (1882), 216; J. Chem. Soe. 44 (1883), 160; Chem. 
Centrbl. 1882, 819; Jsb. Chem. 1882, 1522. 
4. J. W. Mattet. Comment on W. H. Seamon’s analysis of 
palladium-gold from Brazil. Pd. 
Chem. News, 46 (1882), 216; Jsb. Chem. 1882, 1522. 


5. J. H. Desray. Note sur la reproduction des osmiures d’iri- 
dium. tes: 
C. R. 95 (1882), 878; Bul. soe. chim. [2], 39 (1883), 520; Chem. 
Centrbl. 1883, 4; Chem. News, 46 (1882), 280; J. Chem. Soc. 44 
(1883), 298; J. Russ. Chem. Soe. 15, ii (1883), 424; Chem. Ztg. 6 
(1882), 1318. 
6. EH. H. Sarnte-CuatRe DEVILLE and J. H. DeBRay. Note sur 
quelques alliages explosifs du zine et des métaux du platine. 
Pie Pda ire Os: Rh. Rit 
C. R. 94 (1882), 1557; Chem. Centrbl. 1882, 468; Chem. News, 46 
(1882), 10; Jsb. Chem. 1882, 1386; J. Russ. Chem. Soe. 15, ii 
(1883), 15; Ann. der Phys. (Pogg.) Beibl. 6 (1882), 655. 
%. A. Dire. Recherches relatives au protoxyde d’étain et a 
quelques une de ses composés. (Palladium tin and platinum tin 
salts.) Pi Pd 
Ann. chim. phys. [5], 27 (1882), 145; C. R. 94 (1882), 1114; J. 
Chem. Soe. 42 (1882), 808; Phil. Mag. [5], 14 (1882), 152. 
8. B. Gerpes. Ueber die bei Elektrolyse des carbaminsauren 
und kohlensauren Ammons mit Wechselstr6men und Platinelek- 
troden entstehenden Platinbasen. Inaug. Diss. Leipzig, 1882. Pt. 
J. prakt. Chem. [2], 26 (1882), 257; Bul. soe. chim. [2], 39 (1883), 
34; Chem. Centrbl. 1883, 132; J. Chem. Soc. 44 (1883), 27; Jsb. 
Chem. 1882, 160; J. Russ. Chem. Soe. 15, ii (1883), 455. 


9. KE. Drecusen. Ueber die Ammonplatindiammoniumvyerbin- 
dungen. (Criticism of B. Gerdes.) Pt: 
J. prakt. Chem. [2], 26 (1882), 277; J. Chem. Soe. 44 (1883), 28. 

10. S. M. Jorgensen. Beitrage zur Chemie der Chromam- 
moniakverbindungen. (Chloroplatinates of chromium bases.) Pt. 
J. prakt. Chem. [2], 25 (1882), 83, 321, 398; Jsb. Chem. 1882, 309. 
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11. S. M. Jércensen. Beitrige zur Chemie der Rhodiumam- 
moniakverbindungen. (Vorliufige Mittheilung.) eel dete 


J. prakt. Chem. [2], 25 (1882), 346; Chem. Centrbl. 1882, 459; 
Chem. News, 46 (1882), 67; J. Chem. Soc. 42 (1882), 1173; Jsb. 
Chem. 1882, 360. 


12. F. W. Cuarke. “A recalculation of the atomic weights.” 

Constants of Nature, Part V. Smithsonian Miscellaneous Collec- 

tions, Washington, 1882. (Platinum metals, p. 249; atomic 

weight, Pt = 194.867; Pd = 105.981; Ir = 193; Rh = 104.285; 

Os = 199.648; Ru = 104.457; O = 16.) Pt; Pd, Inj he Ossie 
Ztsch. anal. Chem. 22 (1883), 302. 


13. ©. W. Siemens and A. K. Huntineron. On the electric 
furnace. (Fusion of platinum by electricity.) Piz 


Rept. Brit. Assoc. 1882, 496; Chem. News, 46 (1882), 163; Jsb. 
Chem. 1882, 1354. 


14. W.L. Duptry. Holland’s process for melting iridium. (By 
use of phosphorus.) 3 


Scient. Proc. Ohio Mech. Inst. 1 (1882), 35; Trans. Amer. Min. 
Eng. 12 (1883), 557; Chem. News, 45 (1882), 168; Ber. 15 (1882), 
1190; J. Chem. Soe. 42 (1882), 703; Jsb. Chem. 1882, 1388; 1884, 
1719; Monit. scient. [3], 14 (1884), 1170; Repert. anal. Chem. 2 
(1882), 190. 


15. R.B. Warper. Note on W. L. Dudley’s paper on Holland’s 
process for melting iridium. irs 
Scient. Proce. Ohio Mech. Inst. 1 (1882), 39. 


16. T. Witm. (Oxidation of platinum metals.) Pd, Rh, Ir, Pt. 


J. Russ. Chem. Soe. 14, i (1882), 240; Bul. soc. chim. [2], 38 (1882), 
611; Ber. 15 (1882), 2225; Chem. Centrbl. 1882, 706; Jsb. Chem. 
1882, 359. 


1%. wAppe Marnrert. Recherches sur l’ozone. (Action on 
palladium compounds.) Pd, Pix 
C. R. 94 (1882), 860, 1186; Jsb. Chem. 1882, 224. 


18. E. Munper and H.G. L. vAN DER MEULEN. Ozon tegenover 
platinazwart. (Action of platinum black on ozone.) Pir 


Mededeel. Akad. Amsterdam, 18 (1883), 170; Rec. trav. chim. des 
Pays Bas, 1 (1882), 167; Ber. 16 (1883), 386; Bul. soc. chim. [2], 
42 (1884), 242; Jsb. Chem. 1882, 223. 


19. A. Gavazzt. Studio sopra aleune reazioni dell’ idrogeno 
fosforato gassoso. (Action of phosphin on platinum chlorid.) Pt. 


Accad. Bologna, June 14, 1882; Gazz. chim. ital. 13 (1883), 324; 
Jsb. Chem. 1883, 437. 
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20. F. HormetstTer, Jr. Ueber die physiologische Wirkung der 
Platinbasen. PE 


Arch. exper. Path. 16 (1882), 393; Jsb. Chem. 1882, 1225; Ber. 16 
(1883), 1508. 


21. H. Topsdr. Krystallografisk-kemiske Underségelser over 
homologe Forbindelser. (Chloroplatinates.) Pe 


Oversigt. Dansk. Vid. Sels. Kj6benhavn, 1882, 1; Ann. der Phys. 
(Pogg.) Beibl. 7 (1883), 826. 


22. P. E. Lecog DE BorsBaupRAN. Séparation du gallium. 
(From platinum and palladium.) Pt, Pd: 


C. R. 95 (1882), 1332; Chem. News, 45 (1882), 207, 228; J. Chem. 
Soc. 44 (1883), 294; Jsb. Chem. 1882, 1296. 


23. C. R. Fresenius. Zur Bestimmung des Kalis als Kalium- 

platinchlorid. (Nach der neuen Bestimmung des Platinaquiva- 

lents durch Seubert.) Pt 
Ztsch. anal. Chem. 21 (1882), 234; Jsb. Chem. 1882, 1282. 


24. J. Post. (Recovery of platinum chlorid residues.) Pi 


Deutsch-Amer. Apothek. Ztg. 3 (1882), Aug. 15; Chem. News, 46 
(1882), 243. 


25. T. P. Brunt. Note on the use of platinic chloride as an 
indicator in the determination of free iodine. BG. 
Analyst, 7 (1882), 135. 


26. A.D. vAN RiemspisK. (Cupellation of gold in presence of 
platinum metals.) Be Pde ie Rh; Os; Rot 


Mededeel. Labor. Rijks. Munt. 1882, No. 5; Rec. tray. chim. des 
Pays Bas, 1 (1882), 188; Ber. 16 (1883), 387. 


27. ———————. Ueber Platinirung zinnerner, messingerner, 
weissblechener und kupferner Geriathschaften. Pi 
Pharm. Centrh. 23 (1882), 88; Chem. Centrbl. 1882, 384; J. Chem. 

Soe. 42 (1882), 1145; J. Soc. Chem. Ind. 1 (1882), 323. 
28. W.Sprine. Bildung von Legirungen durch Druck. (Plati- 


num-silver alloy.) Pt: 
Ber. 15 (1882), 595; Jsb. Chem. 1882, 1357. 


29. B. J. Grossean. Filtration under pressure. (Use of plati- 
num discs.) Pt: 
Chem. News, 45 (1882), 167. 


30. P. Casamagsor. Note on filtering discs (of platinum). Pt. 
Chem. News, 46 (1882), 8. 
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31. J.C. Hoapiey. The specific heat of platinum, and the use 

of this metal in the pyrometer. Lee 

J. Frank. Inst. [3], 84 (1882), 91; Ann. der Phys. (Pogg.) Beibl. 6 
(1882), 864; Jsb. Chem. 1882, 99. 

32. J. C. Hoapitzy. Observations with the platinum-water 

pyrometer, with heat-carriers of platinum, and of iron encased 

with platinum. PE 
J. Frank. Inst. [3], 84 (1882), 169. 


33. J.C. Hoapiey. The platinum-water pyrometer. Et. 


J. Frank. Inst. [3], 84 (1882), 252; Chem. News, 47 (1883), 171; 
Ann. der Phys. (Pogg.) Beibl. 7 (1883), 25; J. Chem. Soc. 44 
(1883), 769; Jsb. Chem. 1883, 114; Chem. Ztg. 7 (1883), 585. 


34. S. KatiscHer. Ueber die Molekularstructur der Metalle. 


(Platinum.) Pr 
Ber. 15 (1882), 702; Repert. Exp. Phys. 18 (1882), 292; Jsb. Chem. 
1882, 262. 


35. A. Corson. Sur la diffusion des solides. (Silicids of plati- 


num.) Pi 
C. R. 94 (1882), 26; Jsb, Chem. 1882, 87. 


36. P. ScHUTZENBERGER and A. Coxson. Sur le silicium. 
(Platinum silicids in the flame.) Pt. 
C. R. 94 (1882), 1710; Ber. 15 (1882), 2231; Jsb. Chem. 1882, 260. 


37. W.N. Hartiry. Note on certain photographs of the ultra- 
violet spectra of elementary bodies. (Of platinum and palladium.) 
. J. Chem. Soe. 41 (1882), 84; Jsb. Chem. 1882, 180. Pt, Pde 


38. A. Joannis. Chaleurs de formation des principaux com- 


posés palladeux. Pd: 
C. R. 95 (1882), 295; Chem. Centrbl. 1882, 582; Chem. News, 46 
(1882), 113; J. Chem. Soc. 42 (1882), 1258; Jsb. Chem. 1882, 133, 

360; J. Russ. Chem. Soe. 15, ii (1883), 14. 


39. M. Brertuenot. Recherches sur l’absorption des gaz par le 
platine. Pt. 
C. R. 94 (1882), 1377; Ann. chim. phys. [5], 30 (1883), 519; Bul. 

soc. chim. 39 (1883), 109; Chem. Centrbl. 1882, 457; Chem. News, 

45 (1882), 262; J. Chem. Soc. 42 (1882), 1022; 46 (1884), 702; J. de 
Pharm. 6 (1882), 5; J. de Phys. i (1882), 341; Jsb. Chem. 1882, 

60; 1883, 74; J. Russ. Chem. Soc. 15, ii (1883), 2; Chem. Ztg. 8 


(1884), 264. 
40. M. Travusr. Ueber Aktivirung des Sauerstoffs. (Action of 
palladium-hydrogen.) Pd 


Ber. 15 (1882), 659, 2421, 2434; Jsb. Schles. Gesell. Breslau, 1882, 
125, 128; Jsb. Chem. 1882, 218. 
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41. M. Travusr. Ueber die Oxydation des Kohlenoxyds durch 
Palladiumwasserstoff und Sauerstoff. (Vorlaiufige Mittheilung.) 
Pt, Pad. 
Ber. 15 (1882), 2325; Bul. soc. chim. [2], 39 (1883), 210; Jsb. Chem. 
1882, 250; Repert. anal. Chem. 2 (1882), 381; Chem. Ztg. 6 (1882), 
1251. 
42. M. TrausBe. Ueber das Verhalten von Platin oder Palla- 
dium gegen Kohlenoxyd oder Wasserstoff bei Gegenwart von 
Sauerstoff und Wasser. (Vorlaufige Mittheilung.) Pt, Pd. 
Ber. 15 (1882), 2854; Bul. soc. chim. [2], 39 (1883), 447; Dingl. pol. 
J. 247 (1883), 95; Jsb. Chem. 1882, 250; J. Amer. Chem. Soc. 5 
(1883), 62. 
43. G. Potont. Nuovo metodo per determinare linterna con- 
ducibilité relativa dei metalli pel calore. (Heat conductivity of 
platinum.) Pt 
Rendic. Inst. Lomb. Milano [2], 15 (1882), 386; Ann. der Phys. 
(Pogg.), Beibl. 7 (1883), 34; Jsb. Chem. 1883, 115. 
44. F. Braun. Ueber galvanische Elemente, welche angeblich 
nur aus Grundstoffen bestehen, und electromotorischen Nutz- 
effect chemischer Processe. (Between platinum and chlorin.) Pt. 
Ann. der Phys. (Pogg.) [2], 17 (1882), 593; Jsb. Chem. 1882, 146. 


45. B. J. Goossens. Ueber die metallische galvanische Kette 
von Perry und Ayrton. (Platinum-magnesium.) Pt. 
Ann. der Phys. (Pogg.) [2], 16 (1882), 551; Jsb. Chem. 1882, 141. 


46. F. Srrerntz. Experimentaluntersuchungen iiber die gal- 
vanische Polarisation. Bed: 
Sitzber. Akad. Wien, 86, ii (1882), 216; Ann. der Phys. (Pogg.) 
[2], 17 (41882), 841; Jsb. Chem. 1882, 162. 

1. ©. Cuaus. Fragment einer Monographie des Platins und der 
Platinmetalle, 1865-1883, St. Petersburg, 1883. (Posthumous 

work containing bibliography of the platinum metals to 1861.) 
Pt, Pd, Ir, Rh, Os, Ru. 


14. T. Witm. Ueber die magnetische Eigenschaft von Platinerz. 
Pt. 


Ber. 16 (1883), 664; Chem. News, 48 (1883), 249; Dingl. 248 (1883), 
345: J. Chem. Soc. 44 (1883), 859; Jsb. Chem. 1883, 231. 


2. T. Witm. Vorliufige Mittheilung. (New metal in platinum 
ore.) —, Pt, Pd, Ir, Rh, Os, Ru. 
J. Russ. Chem. Soc. 15, i (1883), 361; Ber. 16 (1883), 1298; Bul. 


soe. chim. [2], 41 (1884), 179; J. Chem. Soc. 44 (1883), 954; Jsb. 
Chem. 1883, 456; Chem. Ztg. 7 (1883), 803. 
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3. T. Witm. Zur Chemie der Platinmetalle. (Verarbeitung der 
Platinerze.) Mt, Pd in Rh? Os, Ruz 


Ber. 16 (1883), 1524; Ding]. pol. J. 249 (1883), 280; J. Chem. Soc. 
44 (1883), 1057; Jsb. Chem. 1883, 457; Bul. soc. chim. [2], 41 
(1884), 255. 


4. W.De.a Ruz and A. W. MttrEr. On the electric discharge 
with the chloride of silver battery. (Formation of a volatile hydro- 
gen palladium compound, p. 482.) Pa: 


Phil. Trans. London, 174 (1883), 477. 


5. T. Witm. Ueber ein neues Rhodiumsalz. (Rh,Cl,, 8NH,Cl, 
Aq.) ; Rh. 
J. Russ. Chem. Soe. 15, i (1883), 613; Ber. 16 (1883), 3033; J. Chem. 


Soc. 46 (1884), 661; Jsb. Chem. 1883, 453; Bul. soc. chim. [2], 41 
(1884), 392. 


6. J. H. Desray. Note sur un nouveau composé du rhodium. 
(Oxysulfid.) Rh. 


C. R. 97 (1883), 1333; Ber. 17, ii (1884), 6; Bul. soc. chim. [2], 42 
(1884), 246; Chem. Centrbl. 1884, 56; Chem. News, 49 (1884), 21; 
J. Russ. Chem. Soe. 16, ii (1884), 130; J. Chem. Soe. 46 (1884), 
400; Jsb. Chem. 1883, 439. 


3: 7%. P. E. Lecog pe BoIsBaAuDRAN. Réactions trés sensibles des 


sels Viridium. Tr. 


C. R. 96 (1883), 1336; Ber. 16 (1883), 1394; Chem. Centrbl. 1883, 
459; Chem. News, 47 (1883), 240; J. Chem. Soc. 44 (1883), 905; 
Ztsch. anal. Chem. 26 (1887), 80; Jsb. Chem. 1883, 437, 1583. 


8. P. E. Lecog DE BorsBaupRAN. Examen d’un sulfate double 
Wiridium et de potasse. Ir. 


C. R. 96 (1883), 1406; Ber. 16 (1883), 1494; Chem. News, 47 (1883), 
257; J. Chem. Soe. 44 (1883), 905; Jsb. Chem. 1883, 437, 1583. 


9. P. KE. Lecog DE BoisBAuDRAN. Remarques sur le sulfate 
violet d’iridium. Ir. 


C. R. 96 (1883), 1551; Ber. 16 (1883), 1678; Bul. soe. chim. [2], 40 
(1883), 299; Chem. Centrbl. 1883, 458; Chem. News, 47 (1883), 
293; J. Chem. Soc. 44 (1883), 1057; Jsb. Chem. 1883, 437, 1583; 
J. Russ. Chem. Soc. 16, ii (1884), 43. 


10. F. W. Cuarxe and O. T. Jostin. On some phosphides of 
iridium and platinum. Ir, Pt'(Pd, Kh, Ru, Os) 
Amer. Chem. J. 5 (1883), 231; Chem. News, 48 (1883), 285; Bul. 
soc. chim. [2], 41 (1884), 636; Chem. Centrbl. 1884, 56; J. Chem. 
Soc. 46 (1884), 400; Jsb. Chem. 1883, 439; Chem. Ztg. 7 (1883), 

1529; J. Russ. Chem. Soc. 17, ii (1885), 101. 


1883: 


1883: 


1883: 


1883: 


1883: 


1883: 


1885: 


1883: 


1883: 


1883: 


BIBLIOGRAPHY OF METALS OF THE PLATINUM GROUP 199 


11. J. M. Lovin. Ueber einige Schwefelsubstitutionsproducte 

der Propionsiure. (Thiomilchsaures Platin.) Inaug. Diss. Lund, 

1883. Pt. 
Ber. 16 (1883), 789; Jsb. Chem. 1883, 1048. 


12. P.T. Creve. Om samarium. (Chloroplatinate and platino- 
cyanid of samarium, p. 22.) Pt: 
Oefversigt Akad. Forh. Stockholm, 40 (1883), No. 7, 17; J. Chem. 
Soc. 43 (1883), 362; C. R. 97 (1883), 94; Chem. News, 48 (1883), 
39, 74; Jsb. Chem. 1883, 362. 

13. S. M. J6reensen. Beitrige zur Chemie der Rhodiumam- 
moniakverbindungen. (Auch vorliufige Versuche iiber das 
Atomgewicht des Rhodiums, p. 486.) (Rh = 103.) Rh. 
J. prakt. Chem. [2], 27 (1883), 483; Ber. 16 (1883), 1862; Bul. soc. 
chim. [2], 41 (1884), 24; Chem. Centrbl. 1883, 502; Chem. News, 
48 (1883), 58; J. Chem. Soe. 44 (1883), 1058; Jsb. Chem. 1883, 440. 
14. L. Meyer and K. Seusert. “ Die Atomgewichte der Ele- 

mente aus den Originalzahlen neu berechnet,” Leipzig, 1883. 
Pt, Pd. in Rh Os hu: 

Chem. News, 48 (1883), 211; Ztsch. anal. Chem. 22 (1883), 639. 


15. L. Opiricius. Darstellung von Platinchloridlésung. Pt: 
Polyt. Notizbl. 38 (1883), 166; Ztsch. anal. Chem. 23 (1884), 207; 
Chem. News, 50 (1884), 34. 
16. W. OECHSNER DE Coninck. Action de l’eau bouillant sur les 
chlorplatinates pyridiques et quinoleiques. Pt: 
Bul. soc. chim. [2], 39 (1883), 263, 498; 42 (1884), 610. 


17. A. Levautois. Réactions du sulfure de plomb sur les 
chlorures métalliques. (On platinum chlorid.) Pi 
C. R. 96 (1883), 1666; Jsb. Chem. 1883, 395. 


18. G.Gorzr. Reduction of metallic solutions by means of gases, 

ete. (Chlorids of platinum metals.) Pt; Pde 

Proce. Phil. Soe. Birmingham, 4 (1883-85), 61; Chem. News, 48 
(1883), 295; Jsb. Chem. 1883, 336. 


19. W. Konia. Ueber die optischen Eigenschaften der Platin- 

cyaniire. Pt: 
Ann. der Phys. (Pogg.) [2], 19 (1883), 491; Jsb. Chem. 1883, 254; 
* Chem. Ztg. 7 (1883), 767. 


20. C.W. Btomstranp. Zur Frage iiber die Siittizungscapacitit 

der Grundstoffe, insbesondere des Schwefels. (Correspondence 

between the sulfur and nitrogen bases of platinum, p. 189.) ite 
J. prakt. Chem. [2], 27 (1883), 161; Jsb. Chem. 1883, 31. 
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21. E. Donats and J. MayrHorer. Bemerkungen tiber Affini 

tit und deren Beziehungen zu Atomvolum, Atomgewicht und 

specifischem Gewicht. (Platinum metals.) Pt, Pd, Ir, Rh, Os, Ru. 
Ber. 16 (1883), 1588; Jsb. Chem. 1883, 26. 


22. ——————._ (Specific gravity of platinum.) Pt: 
Engineer, 1883, Nov. 23; Repert. anal. Chem. 4 (1884), 16. 


23. F. Srorpa. Zur Analyse des Kalium- und Ammonium- 
Platinchlorids. Pt. 
Sitzber. bohm. Gesell. Prag, 1883, ii, 481. 


24, A.R.Leeps. Platinic iodide as a test-reagent for deleterious 
organic substances in potable water. Pe 
J. Amer. Chem. Soe. 5 (1883), 74. 


: 25. A. ORLowskI. Ersetzung des Schwefelwasserstoffs in quali- 


tativer Analyse durch unterschwefligsaures Ammon. (Action on 
platinum solutions.) Piz 
Ztsch. anal. Chem. 22 (1883), 357. 


26. M. Batto. Platinirtes Magnesium als Reductionsmittel. Pt. 


Ber. 16 (1883), 694; Dingl. pol. J. 249 (1883), 96; Chem. News, 48 
(1883), 247; 50 (1884), 55; J. Soc. Chem. Ind. 2 (1883),. 232. 


3: 27. P. EH. Lecog DE BorsBaupRAN. Séparation du gallium. 


(D’avec le rhodium; des remarques sur quelques réactions des sels 

de rhodium, p. 152; davec Viridium, 1696; d’avec le ruthenium et 

Yosmium, 1838.) Rh, Ir, Os, Ru. 

C. R. 96 (1883), 152, 1696, 1838; Chem. News, 47 (1883), 100; 299; 

48 (1883), 15; Ber. 16 (1883), 579; Bul. soc. chim. [2], 40 (1883), 

350; Chem. Centrbl. 1883, 130; J. Chem. Soc. 44 (1883), 715; Jsb. 
Chem. 1883, 1571, 1572. 


28. A.B. CLEMENcE. Apparatus (platinum tube) for estimating 
carbon in steels. Pe 


J. Frank. Inst. 86 (1883), 370; Chem. News, 48 (1883), 206; Ding]. 
pol. J. 254 (1884), 77; Engineer, 56 (1883), 387; Ztsch. anal. 
Chem. 23 (1884), 203; Jsb. Chem. 1883, 1554; 1884, 1691. 


: 29. W. L. Duptrey. The iridium industry. ie 


Trans. Amer. Inst. Min. Eng. 12 (1883), 577. 


: 30. M. Trauss. Ueber Activirung des Sauerstoffs. (By palla- 


dium hydrogen.) Pde 


Ber. 16 (1883), 123, 1201; Bul. soc. chim. [2], 40 (1883), 438; Jsb. 
Chem. 1883, 265, 270. 
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31. F. Hoppr-Sryner. Ueber Erregung des Sauerstoffs durch 
nascirenden Wasserstoff. (From palladium, iridium and rhodium.) 
Pde in; Rh. 


Ber. 16 (1883), 117, 1917; Bul. soe. chim. [2], 40 (1883), 437; J. 
Chem. Soc. 44 (1883), 848; Jsb. Chem. 1883, 268, 270. 


32. P. CHappuis. Ueber die Wirmeerzeugung bei der Absorp- 

tion der Gase durch feste Korper und Fliissigkeiten. (Sulfur 

dioxid by platinum.) Bt: 
Ann. der Phys. (Pogg.) [2], 19 (1883), 21; Jsb. Chem. 1883, 141. 


33. A. Barrour and G. Papasoeii. Elettrolisi della glicerina 
con elettrodi di carbone e di platino. Pt: 
Gazz. chim. ital. 13 (1883), 287. 


34. C. Fromme. Electrische Untersuchungen. JI. Ueber das 
Verhalten von Platin, Palladium, ete., in Chromsiurelésung. 
II. Do. in Salpetersiurelosung. III. Versuche zur Kenntniss der 
Wasserstoff-Condensation und -Absorption durch Platin und 
Palladium. Zusammenfassung und Erklirung. Pi Bae 


Ann. der Phys. (Pogg.) [2], 18 (1883), 552; 19 (1883), 86, 300; J. 
Chem. Soc. 44 (1883), 698, 699, 766; Jsb. Chem. 1883, 208. 


35. W. Hanxeu. Ueber die bei einigen Gasentwickelungen 
auftretenden Electricitiiten. (Electrical action of water-drops 
falling into platinum dish.) Bt 


Abhand. sachs. Ges. Wiss. 20 (1883), 599; Ber. sachs. Ges. Wiss. 35 
(1883), 123; Ann. der Phys. (Pogg.) [2], 22 (1884), 387; Jsb. 
Chem. 1884, 235. 


386. KroucHKOLL. Sur les courants d’émersion et de mouve- 
ment d’un métal dans un liquide et les courants d’émersion. (Plat- 
inum in acid water.) Pt. 
C. R. 97 (1883), 161; J. de phys. 2 (1883), 505; Telegr. J. 13 (1883), 

338; Jsb. Chem. 1883, 209; J. Chem. Soc. 46 (1884), 2. 


37. EE. BECQUEREL. Remarque sur la papier de Krouchkoll. 
(Platinum in acid water.) Pt 
C. R. 97 (1883), 164; Jsb. Chem. 1883, 209. 


38. E. Prrant. “ Ueber galvanische Polarisation.” (Hydrogen 
on platinum and palladium.) Berlin, 1883. Pt ed. 
Ann. der Phys. (Pogg.) [2], 21 (1884), 64; Jsb. Chem. 1884, 259. 


39. E. Baumann. Zur Kenntniss des activen Sauerstoffs. (Pal- 
ladium-hydrogen.) Pde 
Ber. 16 (1883), 2146. 
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40. A. GurspHarD. Sur la force électromotrice des dépdts élec- 


trolytiques de peroxyde de plombe. (Polarisation of lead dioxid 
vs. platinum.) Pits 
C. R. Assoc. Frane. 12 (1883), 311; Ann. der Phys. (Pogg.) Beibl. 
8 (1884), 771; Jsb. Chem. 1884, 259. 
1. ——————.._ (Platinum mines in Russia.) Pi 
Engineer, 1884, Sept. 26; Repert. anal. Chem. 4 (1884), 383. 


2. T. Witm. (New salt of rhodium.) (Further details of 
1883: 3 and 5.) Rh. 


J. Russ. Chem. Soc. 16, i (1884), 247; Bul. soc. chim. [2], 42 
(1884), 327; J. Chem. Soc. 48 (1885), 355. 


3. P. ScHUTZENBERGER. Sur un radical métallique. (Platino- 
stannates.) Pe Pie 


C. R. 98 (1884), 985; J. prakt. Chem. [2], 29 (1884), 304; Ber. 17 
(1884), 249; Chem. Centrbl. 1884, 452; Jsb. Chem. 1884, 459. 


4. D.Tivort. Composti di platino e di arsenico. Pi 


Gazz. chim. ital. 14 (1884), 487; Ber. 18 (1885), 137; Bul. soc. chim. 
[2], 45 (1886), 444; J. Chem. Soc. 48 (1885), 728; Chem. Ztg. 9 
(1885), 837; Jsb. Chem. 1884, 459; J. Russ. Chem. Soe. 17, ii 
(1885), 100. 


5. §. M. Jorcensen. Beitrige zur Chemie der Chromammo- 
niakverbindungen. (Chloroplatinates.) Pi 
J. prakt. Chem. [2], 30 (1884), 1; Jsb. Chem. 1884, 403. 


6. §S. M. Jéraensen. Ueber das Verhiltniss zwischen Luteo- 
und Roseosalzen. (Rhodamins and platinum haloids.) Pt, Rhe 
J. prakt. Chem. [2], 29 (1884), 409; J. Chem. Soc. 46 (1884), 1095. 


7. W. Haxperstapt. Bestimmung des Atomgewichts des Pla- 
tins. (194.57592.) Pt 
Ber. 17 (1884), 2962; Amer. J. Sci. [3], 29 (1885), 253; J. Chem. 
Soc. 48 (1885), 355; Ztsch. anal. Chem. 25 (1886), 296; Jsb. Chem. 
1884, 54; Repert. anal. Chem. 5 (1885), 96; Chem. Ztg. 9 (1885), 

357; Chem. Industrie, 8 (1885), 59. 


8. F. W. Cuarxe. A recalculation of the atomic weights. 
(Pi = 194.867; O = 16, p. 50; Os = 199.648) p.. 62; In = 193 
62; Pd = 111.879, p. 62; Rh = 104.285, p. 74; Ru = 1044575 
p. 74.) (From 1882: 12.) Pt, Os; Ir; Pd, Rh, fae 

Chem. News, 50 (1884), 50, 62, 74; Chem. Ztg. 8 (1884), 1288, 1358. 


: 9. R. Romants. Note on the molecular volume. of some double 


chlorides (of platinum). PE 
Chem. News, 49 (1884), 273; Jsb. Chem. 1884, 78. 
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10. F. M. Raoutr. Action de l’eau sur les sels doubles. (So- 
dium chloroplatinate.) Pb: 
C. R. 99 (1884), 914; J. Chem. Soc. 48 (1885), 122. 


11. KrovcuKotu. (Amalgamation of platinum.) Pt. 
J. de phys. [2], 3 (1884), 139; Ann. der Phys. (Pogg.) Beibl. 8 
(1884), 655; Ber. 17 (1884), 162; Jsb. Chem. 1884, 443; Chem. Ztg. 
8 (1884), 1290. ’ 
12. A. VALENTINI. Sopra alcuni esperience di corso. I. Ap- 
parecchio per la combustione dei corpi nell’ ossigeno. (By plati- 
num sponge.) Pt. 
Gazz. chim. ital. 14 (1884), 214; Jsb. Chem. 1884, 312. 


13. C. ZunKowsxy and C. Lepréz. Zur Bestimmung der Halo- 
gene organischer Korper. (Use of platinized quartz.) Be 


Sitzber. Akad. Wien, 90, ii (1884), 365; J. Chem. Soe. 48 (1885), 
591; Monatsh. Chem. 5 (1884), 537; Ztsch. anal. Chem. 24 (1885), 
607. 


14. A. CLASsEN. Quantitative Analyse durch Elektrolyse. (Plat- 
inum, p. 2477.) Pt 


Ber. 17 (1884), 2467; Bul. soc. chim. [2], 44 (1885), 268; Dingl. pol. 
J. 259 (1886), 92; J. Chem. Soc. 48 (1885), 191; Ztsch. anal. Chem. 
24 (1885), 250; Analyst, 9 (1884), 228; Chem. Ztg. 9 (1885), 217. 


15. EH. Drecusex. FElektrolysen und Elektrosynthesen. (Alter- 
nating current between platinum and palladium electrodes.) 

Pty de 

J. prakt. Chem. [2], 29 (1884), 229; J. Chem. Soc. 46 (1884), 1136. 


16. A. Bartori and G. Papasoart. Sulla elettrolisi delle solu- 
zione di fenelo con elettrodi di carbone e di platino. Pt. 


Gazz. chim. ital. 14 (1884), 90; Ber. 17 (1884), 572; J. Chem. Soc. 
46 (1884), 170. 


17%. E. Harnacx. Ueber die quantitative Iodbestimmung im 
Harn. (Use of palladium solution.) Pd. 
Ztsch. physiol. Chem. 8 (1884), 391; J. Chem. Soc. 46 (1884), 1423. 


18. G. Vuuprus. Ueber Ozonwasser. (Use of palladium chlorid 
to detect ozone, p. 276.) Pd: 
Arch. de pharm. 222 (1884), 268; Repert. anal. Chem. 4 (1889), 175. 


19. W. Dirrmar. On alkali-proof metals. (Action of lithium 
carbonate and alkalies on platinum vessels.) Pt. 


Chem. News, 50 (1884), 3; J. Soc. Chem. Ind. 3 (1884), 303; J. 
Chem. Soe. 46 (1884), 1071; Ztsch. anal. Chem. 24 (1885), 75; Jsb. 
Chem. 1884, 1557, 1729. ; 
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20. H. J. Seaman. Note on patching platinum crucibles. Pt. 
Trans. Amer. Inst. Min. Eng. 13 (1884), 140; Eng. and Min. J. 37 
(1884), 421; Chem. Ztg. 8 (1884), 933; Chem. News, 49 (1884), 

274; Jsb. Chem. 1884, 1687. 


: 21. A. GAWALovsKI. Platinfilter. Pt 


Ztsch. anal. Chem. 23 (1884), 372; Chem. Ztg. 8 (1884), 1509. 


: 22. G. L. Anpers. Telephone transmitters. (Osmium in mi- 


crophone.) Os. 
Sci. Amer. Suppl. 18 (1884), 7201; Dingl. pol. J. 254 (1884), 442. 
23. TREMESCHINI. (Pyrometer of platinum.) Pic 
Portefeuille économ. Mach. 9 (1884), 64; Dingl. pol. J. 254 (1884), 
158. 


24. J. Lewis. Brennerkopf zur Verbrennung eines Gemisches 

Leuchtgas und Luft in Platindrahtgewebe. D. R. Patent 30,174 

May 16, 1884. Pi. 
Dingl. pol. J. 259 (1886), 413. 


25. W. Sremens. Lichteinheit der Pariser Conferenz. (Plati- 
num light unit.) Pts 
Sitzber. Akad. Berlin, 1884, 601; Ann. der Phys. (Pogg.) [2], 22 
(1884), 304; Elektrotech. Ztsch. 1884, 244; Dingl. pol. J. 252 

(1884), 529; 254 (1884), 122; Jsb. Chem. 1884, 281. 
26. J. Vio~Lte. Sur étalon absolu de lumiére. (Platinum unit.) 
Pt. 
C. R. 98 (1884), 1032; Ann. chim.*phys. [6], 3 (1884), 373; Ding]. 
pol. J. 254 (1884), 499; Jsb. Chem. 1884, 281; J. fiir Gasbeleucht. 

1884, 763; Chem. Ztg. 9 (1885), 249. 


27. ———. Electrische Einheiten und Lichteinheiten. 


(Platinum unit.) Pt: 
Ann. der Phys. (Pogg.) [2], 22 (1884), 616; Jsb. Chem. 1884, 281. 


28. S. BipweLy. On a relation between the coefficient of the 

Thomson effect and certain other physical properties of metals. 

(Specific heat and resistance and coefficient of expansion.) Pt, Pd. 
Proc. Roy. Soe. London, 37 (1884), 25. 


: 29. C.G. Knorr. The electrical resistance of hydrogenized pal- 


ladium. Pda: 


Proc. Roy. Soc. Edinb. 12 (1884), 181; Ann. der Phys. (Pogg.) 
Beibl. 8 (1884), 394; Jsb. Chem. 1884, 250. 


: 380. L. Weriuer. (Electrical resistance of platinum.) Pt: 


Rev. Indust. 1884, 242; Dingl. pol. J. 253 (1884), 134; Jsb. Chem. 
1884, 249. 
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31. A. MacrartaNne. Arrangement of the metals in an electro- 
frictional series. Pt: 


Proc. Roy. Soc. Edinb. 12 (1884), 412; Ann. der Phys. (Pogg.) 
Beibl. 9 (1885), 432; Jsb. Chem. 1885, 225. 


32. V. StrounaL and C. Barus. Das Wesen der Stahlhartung 
vom elektrischen Standpunkte aus betrachtet, besonders im An- 
schluss an das entsprechende Verhalten einiger Silberlegirungen. 
(Electric properties of silver platinum.) PC: 


Sitzber. bohm. Gesell. Prag [6], 12 (1884), 14; Ann. der Phys. 
(Pogg.) Beibl. 9 (1885), 353; Jsb. Chem. 1885, 255. 


1. A. KATTeRFELD. Ueber die Platinaproduction Russlands. Pt. 

Russkie Wedomosti, ; Berg und Hiitten Ztg. 44 (1885), 

68; Dingl. pol. J. 255 (1885), 489; Chem. Centrbl. 1885, 367; J. 
Chem. Soc. 48 (1885), 942; Chem. Ztg. 9 (1885), 435. 


2. T. Witm. Zur Analyse von Platinerz. Pt, Pd, Ir, Rh, Os, Ru. 
J. Russ. Chem. Soc. 17, i (1885), 451; 18, i (1886), 69; Ber. 18 
(1885), 2536; J. Chem. Soc. 50 (1886), 181; Jsb. Chem. 1885, 1941; 
Bul. soe. chim. [2], 45 (1886), 254; Repert. anal. Chem. 6 (1886), 

226; J. Soc. Chem. Ind. 4 (1885), 759. 


3. P. T. CLEvE. Om samariums foreningar. (Chloroplatinates 
and platinocyanids.) PE 
Oefversigt. Akad. Férh. Stockholm, 42 (1885), No. 1, 15; Nova 


Acta Soc. Sci. Upsala [3], 13 (1885), 2; Bul. soc. chim. [2], 43 
(1885), 162; Chem. News, 51 (1885), 145; Jsb. Chem. 1885, 486. 


4, P.T. Curve. Nya undersékningar ofver didyms foreningen. 


(Chloroplatinates.) Pt 
Oefversigt. Akad. Férh. Stockholm, 42 (1885), No. 1, 21; Nova 
Acta Soc. Sci. Upsala [8], 13 (1885), 5; Bul. soc. chim. [2], 43 
(1885), 359; Chem. News, 52 (1885), 227, 291; Jsb. Chem. 1885, 481. 


5. S. M. Jorcensen. Beitrage zur Chemie der Kobaltammo- 


-niakverbindungen. (Chloroplatinates.) Pt 


J. prakt. Chem. [2], 31 (1885), 41, 262; J. Chem. Soc. 48 (1885), 
726, 874; Jsb. Chem. 1885, 502, 512. 


6. C. Vincent. Sur trois nouveaux composés de Viridium. 


(Chloriridates of methylamins.) ir: 
C. R. 100 (1885), 112; Ber. 18 (1885), 48; Bul. soc. chim. [2], 43 
(1885), 153; Chem. Centrbl. 1885, 165; Chem. News, 51 (1885), 
61; J. Chem. Soc. 48 (1885), 356; Jsb. Chem. 1885, 1613; Chem. 

Ztg. 9 (1885), 325. 


y. ©. Vincent. Sur trois nouveaux composés du rhodium. 


(Chlororhodates of methylamins.) Rh. 
C. R. 101 (1885), 322; Ber. 18 (1885), 532; Bul. soc. chim. [2], 44 
(1885), 513; Chem. Centrbl. 1885, 675; Chem. News, 52 (1885), 94; 
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53 (1886), 37; J. Chem. Soc. 48 (1885), 1116; 50 (1886), 310; J. 
prakt. Chem. [2], 33 (1886), 207; Jsb. Chem. 1885, 1614; 1886, 
501; J. Amer. Chem. Soe. 7 (1885), 283. 


8. P. Jocnum. Ueber die Einwirkung des unterschwefligsauren 
Natrons auf Metallsalze. Inaug. Diss., Berlin, 1885. (Action on 


platinous chlorid.) Pt; 
Chem. Centrbl. 1885, 642; Jsb. Chem. 1885, 395; J. Chem. Soe. 50 
(1886), 17. 


9. H. Morssan. Action du platine au rouge sur les fluorures de 
phosphore. Pt: 


C. R. 102 (1885), 763; Ber. 19 (1886), 286; Bul. soc. chim. [3], 5 
(1891), 454; Chem. News, 53 (1886), 191; Jsb. Chem. 1886, 363; 
J. Chem. Soc. 50 (1886), 592; Chem. Ztg. 10 (1886), Rep. 90. 


10. A.B. Grirriras. Carbides of platinum formed at compara- 


tively low temperatures. Pts 


Chem. News, 51 (1885), 97; Ber. 18 (1885), 258; J. Chem. Soc. 48 
(1885), 487; Jsb. Chem. 1885, 571; J. Russ. Chem. Soc. 18, ii 
(1886), 190; Chem. Ztg. 9 (1885), 470. 


11. C.G. Memmineer. On a platinum silicide. Bis 


Amer. Chem. J. 7 (1885), 172; J. Chem. Soe. 50 (1886), 124; J. 
Russ. Chem. Soe. 18, ii (1886), 190; Chem. Ztg. 9 (1885), 1773. 


12. C. Enesuske. Om platinas metylsulfinbaser. Inaug. Diss. 
Lund. (See C. W. Blomstrand, 1888: 15.) Pt. 


Ars-skrift. Univ. Lund. 22, ii (1885-86), 2; Ber. 20 (1887), 107; J. 
prakt. Chem. [2], 38 (1888), 358; Chem. Centrbl. 1889, i, 69; Jsb. 
Chem. 1888, 2205. 


13. C. Rupetius. Platinapropylsulfinforeningar. Inaug. Diss. 
Lund. (See C. W. Blomstrand, 1888: 15.) Pt. 


Ars-skrift. Univ. Lund. 22, ii (1885-86), 4; Ber. 20 (1887), 108; J. 
prakt. Chem. [2], 38 (1888), 497; Chem. Centrbl. 1889, i, 189; 
Jsb. Chem. 1888, 2207. 


14. S. G. Hepiy. Om pyridinens platinabaser. Inaug. Diss. 


Lund. Pte 
Ars-skrift. Univ. Lund. 22, ii (1885-86), 3; Ber. 20 (1887), 108. 
15. H. G. Sd6pERBAUM. Om dubbeloxalater af Platina. Pie 


Oefversigt. Akad. Forh. Stockholm, 42 (1885), No. 10, 25; J. Chem. 
Soc. 50 (1886), 532; Bul. soc. chim. [2], 45 (1886), 188; Ber. 19 
(1886), 203; Chem. News, 53 (1886), 14; Jsb. Chem. 1886, 1604. 


16. P. Kuniscu. Ueber die Einwirkung des Phosphorwasser- 

stoffs auf Metallsalzlosungen. (No definite results with platinum 

salts, p. 355.) Pt: 
Ann. Chem. (Liebig), 231 (1885), 327. 
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17. H. Scurrr. Palladium-Wasserstoff als Vorlesungsversuch. 

: Pd. 

Ber. 18 (1885), 1727; J. Chem. Soc. 48 (1885), 1035; Jsb. Chem. 
1885, 354. 

18. E.Demarcay. Sur une réaction colorée du rhodium. (With 

sodium hypochlorite.) Rh. 


C. R. 101 (1885), 951; Bul. soc. chim. [2], 45 (1886), 260; Chem. 
News, 52 (1885), 263; J. Chem. Soc. 50 (1886), 125; Jsb. Chem. 
1885, 1943; J. Amer. Chem. Soc. 8 (1886), 56. 


19. J. A. GrosHans. Sur les poids spécifiques des cristaux hy- 
dratés, ayant des formules analogues et des nombres égaux de 
molécules @’eau. (Platinum and palladium double salts.) Pt, Pd. 


Ree. trav. chim. de Pays Bas, 4 (1885), 236; Phil. Mag. [5], 20 
(1885), 19, 191; J. Chem. Soe. 50 (1886), 194; Jsb. Chem. 1885, 52. 


20. F. Rorreer and H. Precut. Die Bestimmung geringer 
Mengen Chlornatrium neben Chlorkalium. (Durch Chlorplatin.) 
Pe: 


Ber. 18 (1885), 2076; Ztsch. anal. Chem. 25 (1886), 213; 26 (188%), 
728. 


21. A. D. van RiemspisK. Sur le procédé de d’Arcet pour le 
dosage du platine dans son alliage avec l’argent ou avec Vor et 
Vargent. Sur l’essais par voie humide de argent tenant platine. 

Pts 


Mededeel. Lab. Rijks. Munt. 6 (1885); Rec. trav. chim. Pays Bas, 
4 (1885), 263; Chem. Centrbl. 1885, 952; Jsb. Chem. 1885, 1942; 
Chem. Ztg. 9 (1885), 1854. 


22. L. Krirscnewsky (and ScCHWARZENBACH). Ueber die An- 
wendung des metallischen (d. h. von Palladium absorbirten) Was- 
serstoffs in der analytischen Chemie. Inaug. Diss., Bern, 1885. 
Pa: Pt. 

Ztsch. anal. Chem. 25 (1886), 374; J. Chem. Soe. 50 (1886), 1071. 


23. N. W. Perry. Iridium: its occurrence, fusion, electroplat- 
ing, and applications in the arts. (Bibliography of Iridium. Sch. 
of M. Quar. 6 : 114; Chem. News, 51 : 32.) rR 


School of Mines (N. Y.) Quart. 6 (1885), 97; Chem. News, 51 
(1885), 1, 19, 31, 214, 298; Chem. Centrbl. 1885, 814; J. Chem. 
Soe. 48 (1885), 462; Jsb. Chem. 1885, 2044; J. Amer. Chem. Soc. 
7 (1885), 66; Chem. Ztg. 9 (1885), 435. 


24. Jounson, Marrury & Co. The fusion and working of iri- 
dium. (With phosphorus.) ir: 
Chem. News, 51 (1885), 71; Jsb. Chem. 1885, 2045. 
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25. ——————. lridium. (Note on its use, etc.) Tr. 


Scient. Amer. 52 (1885), 115; from Chemist and Drug.; Repert. 
anal. Chem. 5 (1885), 254. 


26. ————.. (A copper-zine-platinum alloy resembling 

gold.) Pi 

Techniker, 8 (1885), 199; Chem. Centrbl. 1885, 813; Jsb. Chem. 
1885, 2048. 


27. H. Roxrsster. Tuiegelschmelzofen mit Luftvorwirmung. 
(For melting platinum-gold alloys.) Pt. 
Dingl. pol. J. 257 (1885), 153. 


28. J. W. Pratt. Soldering and repairing platinum vessels in 
the laboratory. Pt. 


Chem. News, 51 (1885), 181, 248; Ber. 18 (1885), 320; Ding!. pol. J. 
258 (1885), 74; Jsb. Chem. 1885, 1999; Chem. Ztg. 9 (1885), 715; 
J. Amer. Chem. Soe. 7 (1885), 150. 


29. G. T. H. Repairing platinum vessels. (Claim of priority 
over J. W. Pratt.) Pt: 
Chem. News, 51 (1885), 239. 


30. J. Bosscua (and A. C. OupDEMANS). Relation des expériences 

qui ont servi a la construction de deux métres étalons en platine 

iridié, comparés directment avec le Métre des Archives. Note II. 

A. C. Oudemans: Analyse du métal des régles, 2,112. Pt, Ir (Ru). 
Ann. l’Ecole Polyt. Delft. 1 (1885), 65; 2 (1886), 1. 


31. J.S.Sras. Comité international des poids et mésures. (Use 
of platinum iridium for standards of weights and measures.) 
Pt; Te 


J. pharm. chim. [5], 12 (1885), 45; Chem. News, 52 (1885), 71. 
32. C.pE LA Harper. Triangle en platine pouvant servir a des 


creusets de dimensions différents. Pie 
Bul. soe. Mulhouse, 55 (1885), 249; Chem. Ztg. 9 (1885), 1209. 


33. L. ScHARNWEBER. Kohlenhalterspitze fiir elektrische Bo- 
genlampen, aus Osmiridium, Platin oder Platiniridium. D. R. 


Patent No. 35395, July 12, 1885. Pt, Ir, Of 
Dingl. pol. J. 261 (1886), 314. 
34, ——————. _ Cruto’s Gliihlampe. (Of platinum.) Pt. 


Ding. pol. J. 256 (1885), 353. 


35. H. Rorsster. (Verwendung von Metalllosungen zum Fiar- 
ben von Thonwaaren.) d 26 lal bie ein 


Sprechsaal, 1885, 385; Dingl. pol. J. 258 (1885), 275; Jsb. Chem. 
1885, 2112. 
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36. H. F. Reap. (Use of fine platinum wire for cross in tele- 
scopes.) Bt 


Polyt. Notizbl. 40 (1885), 223; from Mining and Sci. Press; Chem. 
Centrbl. 1885, 832; Jsb. Chem. 1885, 2044; Repert. anal. Chem. 5 
(1885), 414. 


37. F. Larroque. (Use of palladium-hydrogen in photophone.) 
Pd. 
Lumiére Electrique, 18 (1885), 532; Dingl. pol. J. 261 (1885), 475. 


38. C. A. NEEDHAM. Platindruck. (Very full description of 


this method in photography.) Pi: 
Photog. Arch. 26 (1885), 17; Chem. Centrbl. 1885, 156; Jsb. Chem. 
1885, 2261. 


39. M. Trause. Ueber die Mitwirkung des Wassers bei der 
langsamen Verbrennung des Zinks, Bleis, Eisens, und Palladium- 
wasserstoffs. Pd. 


Ber. 18 (1885), 1877; J. Chem. Soc. 48 (1885),, 1105; Jsb. Chem. 
1885, 365; J. Soc. Chem. Ind. 4 (1885), 675. 


40. H. Knwopiaucnu. Ueber zwei neue Verfahren, den Polarisa- 
tionswinkel der Metalle zu finden. Pd3Pr 
Ann. der Phys. (Pogg.) [2], 24 (1885), 258; Jsb. Chem. 1885, 336. 


41. A. ScuLererMACHER. Ueber die Abhingigkeit der Warme- 

strahlung von der Temperatur und das Stefan’sche Gesetz. 

(Warmestrahlung des Platins.) Pe 
Ann. der Phys. (Pogg.) [2], 26 (1885), 287; Jsb. Chem. 1885, 125. 


42. D. Konowatow. Ueber die Rolle der Contactwirkung bei 
den Erscheinungen der Dissociation. (Action of platinum.) Pt. 


Ber. 18 (1885), 2808; J. Chem. Soc. 50 (1886), 9; Jsb. Chem. 1885, 
224, 


43. J. Trowpriper. A standard of light. (Platinum unit.) 
Amer. J. Sci. [3], 30 (1885), 128; Jsb. Chem. 1885, 301. Pt 


44, F. Bettamy. Action de quelques métaux [platine] sur la 
mélange d’acétyléne et d’air. Pt 
C. R. 100 (1885), 1460; J. Chem. Soc. 48 (1885), 951; Jsb. Chem. 
1885, 665; Chem. News, 52 (1885), 82; J. de Pharm. [5], 12 (1885), 

oa: 


45. H. Tomiinson. The influence of stress and strain on the 
physical properties of matter. The alteration of the electrical 
conductivity of . . . platinum-iridium by longitudinal traction. 

Proc. Roy. Soc. London, 39 (1885), 503; Jsb. Chem. 1886, 249. Pt, Ir. 
14 
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46. L. Carmyetet and E. Boury. Sur la conductibilité élec- 
trique du mercure solide et des métaux purs aux hasses tempéra- 


tures. (Platinum.) Pt. 
C. R. 100 (1885), 1188; J. Chem. Soc. 48 (1885), 855; Jsb. Chem. 
1885, 257. 


1. G.C. HorrmMan. Native platinum from Canada (British Co- 
lumbia). (With analysis.) Pt, Pd, Bhi Os: 
Trans. Roy. Soc. Canada, 5 (1887), 3, 17; Rept. Geol. Surv. Can. 2 
(1886), 5; Amer. J. Sci. [3], 35 (1888), 257; Chem. Centrbl. 1888, 
679; J. Chem. Soc. 56 (1889), 109; Neues Jahrb. f. Min. 26, it 
(1888), Ref. 386; Ztsch. Kryst. 15 (1888), 128; Jsb. Chem. 1888, 

659; Chem. Ztg. 13 (1889), Rep. 11. 


2. J.Noap. Improvements relating to the extraction or separa- 
tion of gold, silver and platinum from ores and other substances, 
or products containing such metals. Engl. patent 6810, May 20, 
1886. (Coat with iron and remove with a magnet.) Pte 

J. Soc. Chem. Ind. 6 (1887), 516. 


3. E. Prost. Sels du platine, simples et doubles. (Nitrates, 
oxides, chlorates, sulfates.) Pte 


Bul. Acad. Belg. [3], 11 (1886), 414; Ber. 19 (1886), 666; Bul. soc. 
chim. [2], 46 (1886), 156; Chem. News, 54 (1886), 213; J. Chem. 
Soe. 50 (1886), 987; Jsb. Chem. 1886, 489; J. Amer. Chem. Soe. 8 
(1886), 176; Chem. Ztg. 10 (1886), Rep. 195. 


4. K.P. Mines. On the formation of platinum silicide. Pie 

Amer. Chem. J. 8 (1886), 428; J. Chem. Soc. 52 (1887), 450; Jsb. 
Chem. 1886, 494. 

5. W. Gress. Further researches on complex inorganic acids. 

(Platinoarsenates, tungstates and molybdates.) Be 

Amer. Chem. J. § (1886), 289; J. Chem. Soc. 52 (1887), 113; Jsb. 
Chem. 1886, 493. 

6. T. Wrum. (Ueber Alkaliplatincyaniire.) Pie 


J. Russ. Chem. Soe. 18, i (1886), 376; Ber. 19 (1886), 950; Bul. soe. 
chim. [2], 50 (1888), 281; J. Chem. Soc. 50 (1886), 604; Jsb. 
Chem. 1886, 490; Chem. Industrie, 10 (1887), 59. 


?. TT. Wium. (Ueber Haloidadditionproducte von Kaliumplatin- 

cyaniire.) Piz 

J. Russ. Chem. Soe. 18, i (1886), 181, 402; Ber. 19 (1886), 959; Bul. 

soc. chim. [2], 46 (1886), 826; 50 Cee 281; J. Chem. Soe. 50 
(1886), 605; Jsb. Chem. 1886, 492. 

8. S.M. Jorgensen. Zur Constitution der Platinbasen. Pts 


J. prakt. Chem. [2], 33 (1886), 489; Ber. 19 (1886), 529; J. Chem. 
Soe. 50 (1886), 857; Jsb. Chem. 1886, 1601. 
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9. S. M. JOreENsEN. Beitrige zur Chemie der Rhodiumam- 
moniakverbindungen. Rh. 


J. prakt. Chem. [2], 34 (1886), 394; Ber. 20 (1887), 7; Chem. News, 
54 (1886), 298; J. Chem. Soc. 52 (1887), 113, 114; Jsb. Chem. 1886, 
494, 
10. J.D. VAN DER Puaats. Essai de calcul des poids atomiques 
de M. Stas. Pt; Pd, dr? Rbs Os, Ru. 
Ann. chim. phys. [6], 7 (1886), 499; Ztsch. anal. Chem. 26 (1887), 
276. 
11. H. Le Cuareier. Platine iridié. Modification allotro- 
pique. — Pt 
Bul. soc. chim. [2], 45 (1886), 482. 
12. G. FoussEREAv. Sur la décomposition lente des chlorures 
dans leurs dissolutions étendues. (Platinum and sodium-rhodium 


chlorid.) ; Pt, Rh. 
C. R. 103 (1886), 248; J. Chem. Soc. 50 (1886), 975; Jsb. Chem. 
1886, 271. 


13. O. Lenmann. (Dissociation of magnesium platinocyanid in 
water.) Bt 
Ztsch. Kryst. 12 (1886), 377; Jsb. Chem. 1886, 504. 


14. C. R. Fresenius. Trennung des... Platins von Zinn, 
Antimon und Arsen. (Qualitative.) dete 
Ztsch. anal. Chem. 25 (1886), 200; Ber. 19 (1886), 629; J. Chem. 
Soc. 50 (1886), 651; Jsb. Chem. 1886, 1951; J. Russ. Chem. Soc. 
18, ii (1886), 254; Analyst, 11 (1886), 93; Chem. Industrie, 9 
(1886), 155; Chem. Ztg. 10 (1886), Rep. 100. 
15. P. J. Dirvent. Mode rapide de séparer de platine d’avec 
Vantimoine, l’arsenique, et l’étain. Pt. 
Bul. soc. chim. [2], 46 (1886), 806; Ber. 20 (1887), 341; Chem. 
Centrbl. 1887, 97; Dingl. pol. J. 263 (1887), 538; Ztsch. anal. 
Chem. 28 (1889), 701; Jsb. Chem. 1886, 1951; J. anal. Chem. 
(Hart), 1 (1887), 208; Repert. anal. Chem. 7 (1887), 248; Analyst, 
12 (1887), 142; J. Soc. Chem. Ind. 6 (1887), 384; Chem. Ztg. 11 
(1887), Rep. 4. 
16. T. Battey. On the analysis of alloys and minerals contain- 
ing heavy metals, selenium, tellurium, etc. (Separation of metals 
of the second group.) iB 
J. Chem. Soe. 49 (1886), 735; Jsb. Chem. 1886, 1950. 


17. K. Utscu. Notizen zur Kjeldahl’schen Stickstoffbestim- 
mungsmethode. (Use of platinumchlorid in the Kjeldahl pro- 
cess.) Pt. 


Ztsch. gesammt. Brauwesen, 1886, 81; Chem. Centrbl. 1886, 375; 
1887, 284; J. Chem. Soc. 52 (1887), 863; Jsb. Chem. 1886, 1954. 
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18. KF. Hopprn-Sryter. Ueber die Gahrung der Cellulose mit 

Bildung von Methan und Kohlensiure. (Separation of methan 

and hydrogen by palladium, p. 429.) Pd (Pt): 
Ztsch. physiol. Chem. 10 (1886), 401; 11 (1887), 257; J. Chem. Soe. 

52 (1887), 618. 

19. A. Supaxorr. (Use of palladium asbestos to detect hydro- 

gen.) Pa: 
Arch. fiir Hygiene, 5 (1886), 166. 


: 20. P. Casamagor. A platinum filtering bulb for Dr. Carmi- 


chael’s system of filtration. Pt: 
Chem. News, 53 (1886), 194; J. Amer. Chem. Soe. 8 (1886), 17. 


21. C. A. Parmnarp. Palladiumkupferlegirung. (A non-mag- 
netizable eae for watches.) D. R. Patent 38445, May 11, 1886. 
Pd (Pt, Rh). 
Ber. 20 (1887), R. 179; Chem. Centrbl. 1887, 471; Dingl. pol. J. 264 
(1887), 634; 268 (1888), 189; 270 (1888), 143; J. Chem. Soe. 56 
(1889), 573; Rev. Indust. 1888, 127; Ztsch. chem. Indust. 1 (1887), 

118; Jsb. Chem. 1888, 2659; Repert. anal. Chem. 7 (1887), 466. 


: 22. W. A. THoms. Improvements in the deposition of platinum 


by electricity. Amer. patent 367731; Engl. patent 10477, Aug. 
16, 1886. Pt. 
Chem. Ztg. 11 (1887), 1026; J. Soe. Chem. Ind. 6 (1887), 518. 


23. H.H. Laks. Improvements relating to the uniting of plati- 

num or silver or nickel or alloys of these metals. ~ Engl. patent 

1473, Feb. 1, 1886. Pt: 
J. Soe. Chem. Ind. 6 (1887), 293. 


24.. W. Banxs and S. Bripruny. Platindraht, gliihend durch 
elektrischen Strom, zum Sengen von Geweben. D. R. Patent 


38266, July 19, 1886. Pte 
Dingl. pol. J. 263 (1887), 508. 
25. KH. Voaren. (Platin in photographie.) Pe 


Photog. Mittheil. 23 (1886), 251, 325; Dingl. pol. J. 264 (1887), 447; 
267 (1888), 221; Jsb. Chem. 1888, 2905. 


5: 26. Proncnon. Sur Vétude calorimétrique des métaux aux 


hautes températures. (Specific heat of platinum-iridium and 
platinum-palladium alloys.) Pt, Ir, Pd. 
C. R. 102 (1886), 675; Jsb. Chem. 1886, 184. 


27. E. Grimavx. Action oxydante du noir de platine. Ptr 
Bul. soe. chim. [2], 45 (1886), 481. 
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28. T. Iamorit. Ueber die Aufnahme des Quecksilberdampfes 
durch Platinmohr. Pr 
Ann. der Phys. (Pogg.) [2], 28 (1886), 81; Ber. 19 (1886), 382; J. 
Chem. Soe. 50 (1886), 766; Jsb. Chem. 1886, 468. 
29. B. Dessau. Ueber Metallschichten, welche durch Zerstiu- 
ben einer Kathode entstehen. PE. 
Ann. der Phys. (Pogg.) [2], 29 (1886), 353. : 


30. E.van AusBet. Note sur la transparence du platine. Pt. 
Bul. Acad. Belg. [3], 11 (1886), 408; Jsb. Chem. 1886, 288; 1888, 
2728; Chem. Ztg. 12 (1888), Rep. 21; Repert. f. Phys. 23 (1887), 
537; Dingl. pol. J. 267 (1888), 239. 
31. E. van AvuBeL. Quelques mots sur la transparence du plat- 
ine et des miroirs de fer, nickel, cobalt, obtenus par électrolyse. Pt. 
Bul. Acad. Belg. [3], 12 (1886), 665; Jsb. Chem. 1886, 288; J. Soc. 
Chem. Ind. 7 (1888), 215; Chem. Ztg. 12 (1888), 71. 
32. E. Warsure and T. Inmort. Ueber das Gewicht und die 
Ursache der Wasserhaute bei Glas und anderen Korper. (Plati- 
num.) Pt. 
Ann. der Phys. (Pogg.) [2], 27 (1886), 481; Jsb. Chem. 1886, 158. 


33. F. von HeEFNER-ALTENECK. (Violle’s Platineinheit des 
Lichtes.) Pt. 
Journ. f. Gasbeleuchtung, 16 (1886), 3; Dingl. pol. J. 262 (1886), 

25. 
34. C.G. Knorr. On the electrical properties of hydrogenized 
palladium. Pd: 


Trans. Roy. Soc. Edinb. 33 (1886), 171; Ann. der Phys. (Pogg.) 
Beibl. 12 (1888), 114; Jsb. Chem. 1888, 373. 

35. W.Prppie. On the increase of electrolytic polarization with 

zinc. (Resistance of platinum electrodes.) Pt. 


Proc. Roy. Soe. Edinb. 14 (1886), 87, 221; Ann. der Phys. (Pogg.) 
Beibl. 12 (1888), 381; Jsb. Chem. 1888, 394. 


36. E. Drecusen. (Platinmohr als Electrode.) Bt 
Sep. Abdruck, Beitrag f. Physiol. Ludwig Festschrift, Leipzig; 
Jsb. Chem. 1886, 279. 


37%. GauvuTieR. Couple zinc-platine. Pt. 
Bul. soe. chim. [2], 45 (1886), 418. 


38. W. Case. Transformation of heat energy into electric en- 
ergy. (Carbon, platinum, chloric acid element.) Patents 
334345, 6, 7, June 29, 1886. Pts 
N. Y. Elect. Rev. 8 (1886), 3; Electrotech. Ztsch. 8 (1887), 506; 
Ann. indust. 1887, 490; Ann. der Phys. (Pogg.), Beibl. 12 (1888), 

120; Dingl. pol. J. 267 (1888), 95; Jsb. Chem. 1888, 348. 
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1. G. M. Dawson. Mineral wealth of British Columbia: plati- 
num and osmiridium. Pt ir Os: 
Ann. Rept. Geol. Surv. Canada, 3 (1887), R. 104, 156. 


2. C.C. Hurcnins and E. L. Hotpren. On the existence of cer- 
tain elements, together with the discovery of platinum in the sun. 
Pts 


Proc. Amer. Acad. Sci. 23 (1887), 14; Amer. J. Sci. [3], 34 (1887), 
451; J. Chem. Soc. 52 (1887), 1065; Phil. Mag. [5], 24 (1887), 
325; Jsb. Chem. 1887, 343. 


3. B.T. Martin. (Iridium in bullion at the New York mint; 


from Report Director Mint, 1885.) IOs, Pt, Bd, Rh ae 
Berg und Hiitten Ztg. 46 (1887), 255; Chem. Centrbl. 1887, 1100; 
Repert. anal. Chem. 7 (1887), 454; Chem. Industrie, 10 (1887), 
350. 
4. H. Maxsor. Sur le chlorhydrate et la chloroplatinate de di- 
isobutylamine et le chlorplatinate de triisobutylamine. Pt 
C. R. 104 (1887), 366; J. Chem. Soe. 52 (1887), 461. 


5. §. M. Jércrensen. Beitrige zur Chemie der Kobaltammo- 
niakverbindungen. -(Chlorplatinates.) Pt. 


J. prakt. Chem. [2], 35 (1887), 417; J. Chem. Soc. 52 (1887), 775; 
Jsb. Chem. 1887, 451. 


6. EK. Pomey. Sur le chlorure phosphoplatineux. (Phospho- 


platinous propy! ether.) Pt 
C. R. 104 (1887), 364; Chem. Centrbl. 1887, 330; Chem. News, 55 
(1887), 117; J. Chem. Soc. 52 (1887), 458; Jsb. Chem. 1887, 612. 


7. H. Lonpanu. Platinasulfinforeningar af normalbutyl, iso- 
butyl och benzyl. (See C. W. Blomstrand, 1888: 15.) Pe 


Ars-skrift. Univ. Lund. 24, ii (1887-88), 4; J. prakt. Chem. [2], 38 
(1888), 512; Chem. Centrbl. 1889, i, 189; Jsb. Chem. 1888, 2212. 


8. F. W. Semmurr. Ueber das atherische Oel von Allium ursi- 
num L. (8. Platinverbindungen des vinylsulfids, p. 132.) Pr 
Ann. Chem. (Liebig), 241 (1887), 90; J. Chem. Soc. 52 (1887), 1089. 


9. T. Wim. (Kalium platinocyanid.) (Addition products with 
nitric acid, hydrogen peroxid, etc.) Pt: 
J. Russ. Chem. Soe. 19, i (1887), 243; Ber. 20 (1887), R. 313; Chem. 
Centrbl. 1887, 689; Jsb. Chem. 1887, 635; Chem. Ztg. 11 (1887), 

874. 


10. A. Cossa. Ricerche sopra le proprieta di alcuni composti 
ammoniacali del platino. Pt. 


Atti. Acead. Sci. Torino, 22 (1887), 323; Gazz. chim. ital. 17 
(1887), 1; Ber. 20 (1887), 462; Chem. Centrbl. 1887, 330; J. Chem. 
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Soc. 52 (1887), 642; Jsb. Chem. 1887, 611; J. Russ. Chem. Soc. 
19, ii (1887), 164; Chem. Ztg. 11 (i887), Rep. 138. 
11. L. Resse. Ueber die Einwirkung von Phtalsiureanhydrid 
auf Amidosiuren. (a-Leucinphtaloylsaures Platodiammonium, p. 


19.) Pt. 
Ann. Chem. (Liebig), 242 (1887), 1; J. Chem. Soe. 54 (1888), 148. 


12. H. Auexanper. Ueber hydroxylaminhaltige Platinbasen. 
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chim. [3], 16 (1896), 215; J. Chem. Soc. 70, ii (1896), 496; Ber. 
29 R. (1896), 1165. 
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Kaliwerke zu Leopoldshall-Stassfurt. Et 
Chem. Ztg. 20 (1896), 270; Ber. 29 R. (1896), 877. 
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Chem. Ztg. 20 (1896), 270; Ber. 29 R. (1896), 878. 
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1896: 


1896: 


1896: 


1896: 


1896: 


1896: 


1896: 


1896: 
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35. M. i. MunpEr. (Storender Einfluss der schwefligen Siaure 
der Gas-flamme auf die Bestimmung einiger Verbindungen und 
uber das Mittel denselben zu beseitigen.) (Action of SO, on 


platinum crucible.) . Pt. 
Ree. trav. chim. Pays-Bas, 14 (1896), 307; Ber. 29 R. (1896), 433. 
36. A. A. KeLty and H. Humuey. Palladium toning. Pd: 


Sci. American, 75 (1896), 150; from Phot. Times. 


37. V. Meyer. Ueber die Schmelzbarkeit des Platins in Kohlen- 
Geblise-Ofen. Pt. 
Ber. 29 (1896), 850; J. Chem. Soe. 70, ii (1896), 429. 


38. S. W. Horman, R. R. Lawrences, and L. Barr. Melting 
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(1896), 37. 


39. W. N. Harttey. On the temperature of certain flames. 
(Fusing point of platinum not reduced by carbon in the flame.) Pt. 
J. Chem. Soc. 69 (1896), 846; Proc. Chem. Soe. 1896, 98. 


40. H. Moissan. (Ueber Verfliichtigung einiger schwer schmelz- 
barer Korper.) Pt. 
Ann. chim. phys. [7], 9 (1896), 133; Ber. 29 R. (1896), 1097. 


41. H. Jackson. Note on the use of certain phosphorescent 

substances in rendering X rays visible. (Phosphorescence of the 
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42. 8. Eepert. Action of X rays through plates of platinum. Pt. 
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SUBJECT INDEX. 


1. HISTORY. 


1806: 3 Fourcroy and Vauquelin 


1850: 5 Thomson 


Platinum. 


1814: 1 Vauquelin 
1845: 2 Schweigger 
1860: 18 Delarue 

Platinum in Russia. 
1827: 1 Mamyscheff 
1880: 1 Koppen 

Rhodium as iron. 
1841: 6 Tilley 


Platinum known to the ancients. 


1790: 1 Cortenovis 
1845: 1 Schubarth 
1850: 1 Paravey 


2. DISCOVERY (see also New Met- 
als, 3). 


Platinum. 


anoles 
Abo 
1758: 
1758: 
1805: 
1805: 
1880: 


Palladium. 


1803: 
1803: 
1803: 
1803: 
1803: 
1803: 
1803: 
1803: 
1804: 
1804: 
1804: 
1804: 
1804: 
1804: 
1804: 


Hl 
1 
a 
2 


HID 


Watson 

Lewis 

Macquer 
Collet-Descotils 
Tilloch 

Koppen 


Chenivix 
Chenivix 
Chenivix 


Richter 

Rose and Gehlen 
Vauquelin 
Chenivix 
Chenivix 


Hume 
Trommsdorft 
Mussin-Pusehkin 
Mussin-Pusehkin 


1805: 
1805: 
1805: 
1805: 
1805: 
1805: 
1805: 
1806: 


2 
3 
4 
5 
9 
11 
12 
5 


Rhodium. 


1804 
1804 


1805: 
1805: 
1805: 


1805 


8) lal 
as 
6 
7 
9 
eels 


Iridium. 
1804: 12 Tennant 


1805: 


1805 
1805 


9 
LO 
seelalt 


Osmium. 


1804 


1805: 


1805 
1805 


seal 
9 

LO 
sd 


Wollaston 
Wollaston 


[Berthollet] 
Gilbert 
[Gehlen] 
Gehlen 
Gilbert 


Collet-Descotils 
Wollaston 
Collet-Descotils 
Tilloch 

Gilbert 
[Gehlen] 


Gilbert 
[Gilbert] 
[Gehlen] 


Tennant 
Gilbert 

[Gilbert] 
[Gehlen] 


Ruthenium. 


1844: 4 Claus 
1844: 5 Claus 


Platinum as alloy of gold and iron. 


1774: 
1774: 
1784: 
1784: 
1786: 


Wp WOH 


Buffon 
Blondeau 
Buffon 
Milly 
Morveau 


Palladium as platinum amalgam. 


1803: 1 Chenivix 
1808: 1 Collet-Descotils 
1808: 2 Berthollet 


3. NEW METALS in platinum ore. 
Iridium. 


1803: 9 Fourcroy and Vauquelin 
1803: 10 Collet-Descotils 
1804: 8 Fourcroy and Vauquelin 
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Rhodium. 


1804: 9 Fourcroy 
1804: 10 Fourcroy 


Ruthenium (I), Polinium and 


Pluranium. 
1826: 5 Osann 
1829: 6 Osann 
1845: 5 Claus 
1845: 6 Osann 
1845: 7 Osann 
1845: 8 Claus 
1845: 9 Frémy 

Ruthenium. 
1844: 4 Claus 
1844: 5 Claus 
1845: 5 Claus 
1845: 6 Osann 
1845: 7 Osann 
1845: 8 Claus 
1845: 9 Frémy 


Unnamed (California). 
1852: 3 Genth 


Unnamed (Oregon). 
1862: 2 Chandler 


Davyum. 
1877: 3 Kern 
1877: 4 Allen 
Uralium. 
*1879: 3 Guyard 


Unnamed (Russia). 
1883: 2 Wilm 


4, OCCURRENCE. 








1806: 2. Bucholz 
1go5eed | Ca C: 

1826: 3 Menge 
1827: 5 Humboldt 
1828: 5 

1842: 5 

1847: 5 Pettenkofer 
eo 
1870: 37 Skey 

Sins, 


1879: 2 Jeremejew 
1880: 2 Newberry 
1890: 1 Blomeke 


In South America. 


1748: 1 Ulloa 
1751: 1 Watson 


1755: 1 Lewis 
1788: 1 Celis 
1792: 1 Bergman 
1793: 1 Haiiy 
1802: 1 Thomson 
1809: 1 Wollaston 
1811: 1 Gehlen 
1817: 1 Humboldt 
1818: 2 Mawe 
1821: 10 ———————— 
1825: 1 Humboldt 
1826: 1 Humboldt 
1833: 7 Lampadius and Platt- 
ner 


1856: 1 Boussingault 
1861: 4 Damour 
1882: 2 Seamon 


In San Domingo. 
1810: 1 Morveau 
1810: 2 Perey 
1811: 1 Gehlen 
1873: 1 Vogel 


In Mexico. 


1811: 2 Humboldt 
1874: 1 Burkart 
1875: 4 Sandberger 
1876: 3 Uslar 


In United States. 
1850: 3 Patterson 


California. 

1840 ees 

1850: 4 Teschemacher 

1852: 2 Genth 

1859: 3 Weil 

1862: 1 Ludwig 

1879: 1 Luthy 
Oregon. 


1854: 1 Blake 


New York. 
1881: 2 Collier 


Pennsylvania. 
1851: 2 Genth 


North Carolina. 


1847: 4 Shepard 
1881: 1 Hidden 
1892: 1 Venable 


Missouri. 
1859: 2 
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In Canada. 





1851: 1 Hunt 
1886: 1 Hoffman 
1887: 1 Dawson 
1889: 2. Clarke and Catlett 
1889: 3 Hoffman 
INS KO ES 
1892: 4 ———— 
1893: 4 Donald 
In Russia. 
1826: 1 Humboldt 
1826: 2 — 
1827: 2 Kupffer 
1827: 3 ——— 
1827: 4 ————— 
1828: 1 Engelhardt 
1828s teehee 
1828: 3 
1828: 4 Marx 
1829: 1 Kupffer 
1829: 2 ———_ 
1829: 3 ———_- 
1830: 1 Engelhardt 
1831: 1 ————_ 
1831: 2 Fuchs 
1833: 2 
1835: 1 ———__— 
1835: 2 Teploff 
1842: 2 Menge 
1842: 3 ——_ 
1843: 1 Humboldt 
1843: 2 —————_ 
1844: 1 Leplay 
1846: 1 Murchison 
1859: 4 Haidinger 
1874: 2 Frenzel 
1877: 2 Kern 
1881: 3 
1884: 1 ————— 
1890: 2 Laurent 
1891: 1 Helmhacker 
1893: 1 ———_ 
1894: 3 ——_— 
1894; 4 ———___ 
1895: 1 Inostranzeff 
1895: 2 Muschkjetoff 
In Lapland. 
1870: 1 Nordenskjéld 
In France. 
1833: 3 Claubry 
1833: 4 Dangaz 
1833: 5 D’Argy 
1834: 1 Berthier and Becequerel 
1834: 2 Villain 
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» 1834: 3 —— 
1849: 1 Ebelmen 
In Spain. 


1806: 1 WVauquelin 

1818: 1 Heuland 
In Rhinesand. 

1835: 4 Hopff 

1841: 1 Dodbereiner 

i SAatt hee Hae) pee 
In Harz Mts. 

1835: 3 Berzelius 


In Siebengebirgen. 
1854: 4 


In Alps. 
1848: 1 Gueymard 


In Hungary. 

1847: 2 Molnar 

1847: 3 Kopetzky and Patera 
In Seotland. 

1869: 1 


In Ireland. 
1850: 2 Mallet 


In Borneo. 


1839: 2 Horner 
1855: 1 Bocking 
1858: 1 Bleekrode 
1859: 1 Bleekrode 


In Ava. 

1833: 6 Prinsep 
In Burmah. 

1848: 2 Faber 


In Australia. 
1896: 1 


In Algiers. 
1838: 1 Aimé 


In meteorites. 
1835: 7 Osann 


In the sun. 


1878: 49 Lockyer . 
1887: 2 Hutchins and Holdem 


With silver. 
1836: 2 Herberger 


1837: 1 Pettenkofer 
1848: 3 Pettenkofer 
1848: 4 Plattner 
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1852: 4 Palmstedt 
L875; 6 ———— 
1876: 4 Rossler 
With gold. 
1849: 9 Pettenkofer 
1887: 3 Martin (in bullion) 
With copper. 
1847: 1 Leuchtenberg 


Magnetic ores. 
1866: 1 Kokscharow 
1875: 27 Daubrée 
1876: 1 Terreil 
1883: 1a Wilm 
Sperrylite, in Canada. 


1889: 1 Wells and Penfield 
1889: 3 Hoffman 
1896: 2 Walker 
Nickel in platinum. 
1876: 2 Daubrée 


Barium in platinum. 
1865: 1 Kraut 


PALLADIUM. 
In Brazil. 


1825: 1 Humboldt 
1837: 2. Johnson and Lampa- 
dius 
1837: 4 Fellenberg 
1882: 3 Seamon 
1882: 4 Mallet 
In Germany. 


1829: 4 Zineken 
1829: 5 Benecke and Rienecker 
(Harz Mts.) 
In Caucasus. 
1893: 5 Wilm 


In meteorites. 
1890: 5 Trottarelli 
With silver. 


1875: 6 
1876: 4 Rossler 


IRIDIUM. 
1835: 6 Rose 
In California. 
1854: 2 Dubois 


In Canada. 
T8672 1 


OSMIRIDIUM. 
1835: 11 Dodbereiner 


In Russia. 
1833: 1 Rose 
1882: 1 Lasaulx 
In United States. 
1850: 3, Patterson 
1852: 2 Genth (Cal.) 
1861: 1 Torrey (Cal.) 
In Canada. 
1Ssii 416 Eun 
1887: 1 Dawson 
1889: 3 Hoffman 
With gold. 
1839: 3 Wohler 


1843: 3 Weinlig: 
1887: 3 Martin 


IRITE. 
1836: 1 Hermann 
1841: 3 Hermann 
1851: 3 Kenngott 
OSMITE. 
1836: 1 Hermann 


RUTHENIUM and Osmium. Laurite. 
1866: 2 Wohler (Borneo) 
1869: 2 Wohler (Oregon) 
MATRIX of platinum. 
1830: 2 Engelhardt 
1839: 1 Rose 
1857: 1 Damour and Descloi- 


zeaux 
1894: 2 Meunier 
In Russia. 
1834: 4 Rose 
1875: 1 Descloizeaux 
1875: 2 Daubrée 
1893: 2 Daubrée 
1893: 3 Inostranzeff 
1894: 1 Inostranzeff 
In Alps. 


1861: 3 Gueymard 


5. COMPOSITION OF ORES. 


1829: 6 Osann 


1835: 9 Dodbereiner 
1842: 6 Svanberg 
1844: 4 Claus 
1844: 5 Claus 
1845: 7 Osann 
1885: 2 Wilm 
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From Russia. 1889: 4 ————— 
1825: 2 Laugier 1890: 2 Lauren‘ 
1825: 3 Laugier 1890: 4 — 
1826: 4 Breithaupt 1890: 6 ————— 
1826: 5 Osann 1891: 1 Helmhacker 
1844: 2 Kositzky 1891: 2 ————— 
ASiG2L herrenl 1892: 2 

From France. ; Robbery. 

1833: 4 Dangaz 1890. Mae 

From Alps. 7. PRICE. 

1852: 1 Gueymard 1834: 5 Cooke 
: Ss ce 

From South America. 1857: 19° Heraeus 
1834: 6 Svanberg 1876: 7 
1835: 5 Berzelius 1892: 3 

1892: 5 


From San Domingo. 


1810: 8 Vauquelin Palladium. 


From Canada 1823: 2 Puymaurin 





1886: 1 Hoffman Osmiridium. 
» 9 
Tridium ores. eee 
1826: 6 Thomson 8. GENERAL TREATISES. 
6. PRODUCTION. 1805: 3 Wollaston 
’ 1806: 4 Trommsdorft 
1828: 7 Breithaupt 1828: 9 Berzelius 
1830: 4 Humboldt 1899: 9 Berzelius 
eee at eur 1854: 6 Claus 
Ao atias 1855: 3 Frémy 
1874: 5 1859: 8 Claus 
LUGO eee pas 1859: 9 Deville and Debray 
1893: 6 [Raymond] 1861: 5 Faraday 
Poe are ae 1861: 6 Gibbs 
noosa 53 1866: 5 Forster 
LONE i (ar aa 1878: 1 Phillipp 
1894: 5 Helmhacker 18782 9 = 
1894: 6 Keppen 1883: 1 Claus 
In Russia. On platinum. 
UBS Uerenynr 1758: 1 M. 
Lee are eairere 1758: 2 Macquer 
ee 1 Rose 1780: 1 Bergman 
soe Fe aes 1782: 1 von Sickingen 
one ‘ ae 1799: 1 Proust 
jeden = 18012 4) Ieroust 
oe 1803: 9 Fourcroy and Vauquelin 
1852: 5 : 
acu 184238 Kane 
fi 1881: 5 Wilm 
1862: 3 Jossa 
1862: 4 Jossa On palladium. 
1871: 1 ————— 1813: 1 Vauquelin 
1873: 4 Raymond 1814: 2. Vauquelin 
1876: 5 Frantz 1827: 13 Fischer 
1876: 6 Brachelli 1842: 8 Kane 
1885: 1 Katterfeld 1843: 6 Cock 
1888: 1 Kulibin 1847: 11 Fischer 
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On iridium. 


1814: 1 Vauquelin 
1854: 8 Uricoechea 
1877: 21 Debray 
1885: 23 Perry 


On rhodium. 


1813: 1 Vauquelin 
1814: 2 Vauquelin 
1868: 1 Bunsen 


On osmium. 


1814: 1 Vauquelin 

1833: 9 Berzelius 

1833: 11 Breithaupt 

1844: 8 Frémy 

1859: 11 Hichler 

1863: 3 Jacobi 

1866: 9 Wohler 

1876: 10 Deville and Debray 


‘On ruthenium. 


1846: 7 Claus 
1876: 11 Deville and Debray 


9. DECOMPOSITION OF ORES. 


10. 


1804: 8 Fourcroy and Vauquelin 
1804: 9 Fourcroy 


1804: 14 Tennant and Wollaston 

1807: 1 Collet-Descotils 

1827: 6 Arkhipoff 

1834: 8 Wohler 

1835: 10 Joss 

1846: 2 Fritzsche 

1847: 6 Hess 

1854: 5 Frémy 

1860: 5 Deville and Debray 

1873: 2 Knosel — 

1883: 3 Wilm 

1885: 2 Wilm 

SEPARATION AND PURIFI- 
CATION OF METALS. 

1834: 9 Persoz 

1857: 3 Deville and Debray 

1857: 4 Mucklé and Wohler 

1860: 5 Deville and Debray 

1862: 7 Deville and Debray 

1863: 2 Guyard 

1864: 1 Lea 

1872: 1 Bettendorff 

1876: 9 Phillipp 

1878: 3 Matthey 

1879: 4 Matthey 

1885: 2 Wilm 

1891: 31 Joly and Leidié 


18 





Platinum. 
1798: 4 Mussin-Pusechkin 
1816: 1 Ridolfi 
1818: 3 Cloud 
1822: 1 Barruel 
1834: 7 Sobolevsky 
1836: 17 Liebig 
1838: 3 Dodbereiner 
S42) BD ae 
1866: 7 Birnbaum 
1867: 7 Sehneider 
1868: 11 Chalmers and Tatlock 
1875: 9 Wagner 
1876: 8 ———— 
1877: 6 Opificius 
1879: 49 Gladstone and Tribe 
1880: 3 Wilm 
1881: 32 — 
1886: 2 Noad 
1892: 26 Mylius and Foerster 
1892: 27 Mylius and Foerster 
1892: 47 Warren 
Palladium. 
1818: 4 Aeceum 
1829: 7 Wollaston 
. 1835: 9 Dodbereiner 
1843: 5 Lassaigne 
1881: 5 Wilm 
Iridium. 
1830: 5 Quesneville 
1833: 8 Wohler 
1833: 12 Persoz 
1837: 3 Frick 
1844: 3 Kositzky 
1855: 5 Hennin 
1866: 7 Birnbaum 
1867: 3 Schneider 
1874: 6 Deville, Debray and 
Morin 
1879: 5 Jungfleisch 
1883: 29 Dudley 
Osmium. 
1814: 3 Laugier 
1829: 8 Wollaston 
1830: 5 Quesneville 
1833: 8 Wohler 
1833: 12 Persoz 


gle 


1838: 9 Ellet 


REDUCTION TO METAL. 
1821: 13 Clarke 


Platinum, 


1827: 15 Fischer 
1829: 14 Kastner 
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1829: 
1830: 
1831: 
1833: 
1835: 
1835: 
1840: 
1841: 
1847: 
1858: 
1861: 


1861: 
1861: 
1862: 
1862: 
1864: 
1864: 
1872: 
1873: 
1875: 
1877: 
1882: 
1893: 
1895: 
1895: 


Palladium. 
1850: 
1862: 
1862: 
1864: 
1872: 
1873: 
1895: 
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19 Fischer 

10 Wach 

8 Dodbereiner 

14 Phillips 

12 Dobereiner 

13 Joss 

6 Parisot 

14 Bottger 

20 Kessler 

8 Hempel 

16 Béchamp and _ Saint 
Piérre 

17 Faget 

18 Saint-Piérre 

14 Saint-Piérre 

15 Personne 

5 Bottger 

7% Brunner 

18 Bottger 

12 Russell 

23 Lossen 

24 

24 Post 

37 Borntrager 

28 Vitali 

29 Stiebel 


10 Reynoso 

14 Saint-Piérre 
15 Personne 

7 Brunner 

18 Bottger 

12 Russell 

28 Vitali 


Iridium. 


1864: 


7? Brunner 


Osmium. 


1893: 


36 Gulewitsch 


12. PLATINUM SPONGE; prepara- 
tion. 


1826: 
1826: 
1829: 
1830: 
1830: 
1833: 
1844: 
1858: 
1874: 
1890: 


10 Dobereiner 
13 Dobereiner 
21 Planiava 
12 Kastner 

3 Faraday 
23 Bottger 

18 Hirschberg 
14 Brunner 
29 Vulpius 

32 Loew 


Platinum black. 


1800: 
1804: 


6 Henry 
17 Proust 


1829: 22 Liebig 

1832: 3 Dodbereiner 

1832: 11 Dobereiner 

1832: 14 ————— 

1834: 18 Bley 

1835: 9 Dodbereiner 

1835: 12 Dobereiner 

1836: 8 Dodbereiner 

1836: 9 Dodbereiner 

1858: 8 Hempel 

1872: 15 Smith 

1876: 55 Zdrawkowitch 

1877: 37 Bottger 

1882: 18 Mulder and van der 
Meulen 

1886: 36 Drechsel 


13. ATOMIC WEIGHTS. 


1818: 7 Berzelius 

1827: 7 —————— 

1828: 9 Berzelius 

1833: 13 Berzelius 

1834: 14 Berzelius 

1835: 18 Berzelius 

1846: 17 Playfair and Joule 
1869: 3 Watts 

1880: 2a Becker 

1881: 16 Clarke 

1882: 12 Clarke 

1883: 14 Meyer and Seubert 
1884: 8 Clarke 

1886: 10 van der Plaats 
1891: 3 Seubert 

1896: 3 Clarke 


Platinum. 


1828: 9 Berzelius 

1852: 9 Andrews 

1881: 9 Seubert 

1882: 23 Fresenius 

1884: 7 Halberstadt 

1888: 2 Seubert 

1881: 17 Dewar and Scott (vapor 
dens. PtCl,) 

1890: 28 Heyeock and Neville 
(mol. wt. in tin) 


Palladium. 


1828: 9 Berzelius 

1847: 4@ Icilius 

1889: 5 Keiser 

1892: 24 Bailey and Lamb 
1892: 24 Keller and Smith 
1893: 28 Joly and Leidié 
1894: 18 Keiser and Breed 
1894: 20 Clarke 
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Iridium. 
1826: 6 Thomson 
1828: 9 Berzelius 
1878: 11 Seubert 
1890: 20 Joly 
Rhodium. 
1828: 9 Berzelius 
1853: 5 Schneider 


1883: 13 Jorgensen 

1890: 9 Seubert and Kobbé 
Osmium. 

1828: 9 Berzelius 

1844: 8 Frémy 

1853: 5 Schneider 

1857: 3 Deville and Debray 

1888: 3 Seubert 

1891: 4 Seubert 


Ruthenium. 


1844: 4 Claus 
1888: 14 Joly 
1889: 10 Joly 


14. COMPOUNDS. 
GENERAL TREATISES. 
1894: 7 Erdmann 


Platinum. 

1812: 3 Davy 

1817: 2 Vauquelin 

1820: 1 Davy 

1886: 3 Prost 
Rhodium. 

1888: 12 Leidié 

1890: 10 Seubert and Kobbé 
Osmium. 

1893: 10 Moraht and Wischin 


15. OXIDS. 


1868: 7 Wohler 
1878: 4 Deville and Debray 


Platinum. 
1802: 2 Cuthbertson 
1812: 4 Berzelius 
1813: 8 Vogel 
1817: 14 Cooper 
1820: 4 Rose 
1821: 2 Berzelius 
1821: 5 Thomson 
1826: 10 Dodbereiner 
1830: 6 Berzelius 
1830: 7 Liebig 
1832: 2 Herschel 
1832: 3 Dodbereiner 


1833: 
1833: 
1835: 
1838: 
1841: 
1841: 
1842: 
1844: 
1846: 
1847: 
1868: 
1870: 
1870: 
1875: 
1876: 
1876: 
1877: 
1882: 
1887: 
1889: 
1891: 


15 Dodbereiner 
21 Gobel 

11 Dodbereiner 
2 De la Rive 
7 Wittstein 
8 De la Rive 
13 Schdnbein 
9 Schaffner 
4 Osann 

19 Hittorf 

9 Topsde 

10 Frémy 

18 Johannsen 
15 Delachanel and Mermet 
28 Skey 

29 Skey 

9 Jorgensen 
16 Wilm 

29 Reinhardt 
7. Rousseau 
22 Kwasnik 


Palladium. 


1813: 
1826: 
1829: 
1833: 
1869: 
1874: 
1892: 


8 Vogel 

9 Miller 

18 Fischer 
21 Gobel 

14 Schneider 
19 Wohler 

9 Wilm 


Iridium. 


1847 
1890 


:9 Claus 
: 11 Geisenheimer 


Rhodium. 


1818 


: 6 Berzelius 


Osmium. 


1844 
1846 
1860 
1892 


: 7 Hremy 
: 9 Svanberg 
: 10 Mallet 


: 46 Kolossow 


Ruthenium. 


1875: 
1888: 
1890: 
1891: 
1891: 


18 Deville and Debray 
13 Debray and Joly 
35 Dufet 

16 Joly 

17 Joly 


16. SULFIDS. 


1840 


: 3 Fellenberg 


Platinum. 


1812 
1812 
1813 


> 2 Davy 
: 4 Berzelius 
> 8 Vogel 
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1821: 3 
1825: 6 
1834: 10 
1838: 10 
1846: 14 
1860: 8 
1864: 14 
1869: 13 
1869: 14 
1872: 8 
1873: 8 
1874: 23 
1877: 10 
alisha alal 
1879: 28 
1879: 29 


1892: 14 
1893: 17 
1894: 29 
1895: 8 

1896: 10 
1896: 15 


SUBJECT INDEX 


Berzelius 

Berzelius 

Bottger 

Reinsch 

Crosnier 

Schiff 

Pisko 

Schneider 

Schneider 

Guerout 

Schneider 

Schneider 

Ribau 

von Meyer 

de Clermont 

de Clermont and From- 
mel 

Schneider 

Schneider 

Schiff and Tarugi 

Roessler 

Antony and Lucchesi 

Durkee (thioplatin- 
ates) 


Palladium. 


1813: 8 
1869: 14 
PSone 
1874: 23 
1893: 16 
1895: 8 


Iridium. 
1834: 10 
1893: 14 
1893: 15 

Rhedium. 
1821: 3 
1883: 6 

Osmium. 
iS iidnsute: 


SELENIDS. 
1818: 5 
1830: 9a 
1895: 8 


Vogel 

Schneider 

Schneider 

Schneider 
Petrenko-Kritschenko 
Roessler 


Bottger 
Antony 
Antony 


Berzelius 
Debray 


von Meyer 


Berzelius 
(palladium) 
Roessler 


17. HALOGEN COMPOUNDS. 


1888: 24 
1889: 6 
1893: 22 


Hampe 
Pigeon 
Werner 


PLATINUM CHLORIDS. 


1782: 2 


1783: 1 


Wenzel 
de l’Isle 


1797: 
1800: 
1803: 
1804: 
1804: 
ASA: 
1821: 
1827: 
1827: 
1827: 
1828: 
1828: 
1829: 
1830: 
1834: 
1834: 
1835: 
1835: 
1835: 
1836: 
1838: 
1843: 
1846: 
1850: 
1850: 
1851: 
1851: 
1854: 
1854: 
1854: 
1854: 
1855: 
1855: 
1855: 
1855: 
1855: 
1856: 
1856: 
1856: 
1856: 
1857: 
1857: 
1858: 
1859: 
1860: 
1860: 
1860: 
1861: 
1861: 
1861: 
1861: 
1861: 
1862: 
1862: 
1863: 
1863: 


1m 


© ae Wmorr OM = 


Mussin-Pusehkin 
Mussin-Pusechkin 
Collet-Descotils 
Mussin-Puschkin 
Mussin-Pusehkin 
Vauquelin 
Murray 

van Mons 
Bonsdorft 


Bonsdorff 

Fischer 

Zeise 

Hiinefeld 

Kane 

Kastner 
Dobereiner 

Mather 

Kane 

Hermann 
Dobereiner 
Gerhardt 

Rose 

Frémy 

Wurtz 

Claudet 

Landolt 

Williams 
Gladstone (optical) 
Schabus (cryst.) 
Graham 

Lowig 

Anderson 

Wurtz 

Weltzien (cryst.) 
Marignae (cryst.) 
Scheibler 
Salm-Horstmar 
Hofmann and Cahours 
Gibbs and Genth 
Hofmann 
Descloizeaux (cryst.) 
Williams 

Knop 

Boedeker 

Klippel 

Hofmann 

Sella 

Kirchhoff and Bunsen 
Holzmann 

Lang 

Cleve 

Baudrimont 
Braun 

Bottger 

Millon and Commaille 


1864: 
1864: 
1864: 
1864: 
1865: 
1865: 
1866: 
1867: 
1867: 
1868: 
1869: 


1870: 
1870: 
1870: 


1871: 
1871: 


1871: 


1872: 
1873: 
1873: 
1873: 
1873: 
1874: 
1874: 
1874: 
1874: 
1874: 
1874: 
1875: 
1875: 
1876: 
1876: 
1877: 
1877: 
1878: 
1878: 
1878: 
1878: 
1878: 
1878: 
1878: 


1879: 
1879: 
1879: 
1879: 
1879: 
1879: 
1879: 
1879: 
1880: 
1880: 
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Schrotter 

Crookes 

Crookes 

Kopp 

Zepharoviteh (cryst.) 

Cleve 

Commaille 

Birnbaum 

Weber 

Topsoe 

Riemann (as indelible 
ink) 

Norton 

Thomsen 

Thomsen (thermo- 
chem.) 

Lawrow 

Topsoe and Christian- 
sen (cryst. and opt.) 

Thomsen (thermo- 
chem.) 

Norton 

Marignae 

Welkow 

Gibbs 

Schréder 

Thomsen 

Welkow 

Cleve 

Jolin 

Topsée (cryst.) 

Topsoe (cryst.) 

Godeftroy 

Meyer and Locher 

Nilson 

Nilson 

Calhours 

Clarke 

Jorgensen 

Frerichs and Smith 

Cleve 

Nilson and Petterson 

Bottger 

Clarke 

Thomsen (thermo- 
chem.) 

Heintz 

Jorgensen 

Reinitzer 

Seelheim 

Meyer 

Smith 

Dunnington 

Gintl 

Christensen 

Cleve 


1880: 
1880: 
1881: 
1881: 
1881: 
1881: 
1882: 
1882: 
1882: 
1883: 
1883: 
1883: 
1883: 
1883: 
1884: 
1884: 
1884: 
1884: 
1885: 
1885: 
1885: 
1886: 
1887: 
1887: 
1887: 
1887: 
1887: 
1888: 
1888: 
1888: 
1888: 
1888: 
1888: 
1888: 
1888: 
1888: 
1889: 
1890: 
1891: 
1891: 
1891: 
1891: 
1891: 
1891: 
1892: 
1892: 
1892: 
1892: 
1892: 
1893: 
1893: 
1893: 
1893: 
1894: 
1894: 
1894: 
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Ditte 

Eder 

Hesse 

Clarke and Owens 
Jorgensen 

Dewar and Scott 
Jorgensen 


9 Gavazzi 


Topscoe 

Cleve 

Opificius 

de Coninek 

Levallois 

Gove 

Jorgensen 
Jorgensen 

Romanis 

Raoult 

Cleve 

Cleve 

Jorgensen 
Foussereau 

Malbot 

Jorgensen 

Semmler 

Duclaux 

Miesler 

Engel 

Stolba 

Laird 

Klinger and Maassen 
Weibull 

Gerlach 

Walden 

Rudorft 

Barfoed 

Ostwald 

Pigeon 

Pigeon 

Christenen 

Le Bel 

Seubert and Schmidt 
Pigeon (thermo-chem.) 
Pigeon (thermo-chem.) 
Pullinger 

Shenstone and Beck: 
Jorgensen 

Holleman 

Péligot 
Montemartini 
Shenstone and Beck 
ihe Bel (eryst:) 

Lea 

Lea 

Pigeon 

Werner and Miolati 
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1895: 13 Werner 
1895: 6 Pigeon 
1895: 27 Sonstadt 
1896: Herty 
1896: Miolati 
1896: Hake 
1896: Smits 


“* Nitroso ” chlorids. 
1840: 4 Rogers and Boyé 
1867: 6 Weber 
1890: 8 Vézes 


COMPOUNDS OF PLATINUM CHLO- 
rips. ‘* Acechlorplatin.” 
1829: 12 Berzelius 
1831: 4 Zeise 
1831: 5 Zeise 
1834: 13 Liebig 
1836: 5 Zeise 


aN 


“Im Or 


1837: 8 Liebig 
1838: 8 Zeise 
1839: 4 Malaguti 


with phosphorus compounds. 

1870: 5 Cahours and Gal 

1870: 6 Cahours and Gal 

1870: 7 Cahours and Gal 

1870: 8 Kolbe 

1870: 9 Schtitzenberger 

1870: 25 Descloiseaux (cryst.) 

1872: 4 Schtitzenberger and 
Fontaine 

1872: 5 Saillard 

1876: 18 Quesneville 

1878: 9 Cochin 

1881: 11 Pomey 

1885: 16 Kulisch 

1887: 6 Pomey 


with carbon monoxid. 
1825: 4 Zeise 
1868: 6 Schiitzenberger 
1870: 9 Schtitzenberger 
1891: 10 Mylius and Foerster 
1891: 11 Foerster 
1891: 12 Pullinger 


with ethylene. 
1861: 14 Griess and Martius 
1867: 5 Birnbaum 
1871: 7 Sadtler 


with ethyl cyanid. 
1858: 2 Henke 
1858: 3 Thaun 

PLATINUM BRomips. 


1826: 7 Balard 
1828: 10 Bonsdorfft 


1832: 4 Bonsdorff 

1868: 8 Topsoe (cryst.) 

1871: 19 Topso6e and Christian- 
sen (cryst. and opt.) 

1874: 41 Topsde 

1880: 5 Meyer and Ziiblin 

1891: 12 Pullinger 

1892: 34 Pigeon (thermo-chem.) 


Chloro-bromid. 
1879: % Pitkin 


“ Acebromplatin.” 
1861: 13 Nicklés 


Compound of platinum bromid 
with ethylene. 


1870: 22 Chojnacki 


Iopibs. 

1814: 5 Ruhland 
1823: 3 Silliman 
1825: 7 Pleischl 
1825: 8 Pleischl 
1829: 13 Lassaigne 
1832: 5 Lassaigne 
1832: 6 Lassaigne 
1832: 7 Orfila 
1832: 8 Kane 


1833: 17 Kane 
1833: 18 Kane 
1833: 19 Lassaigne 
1833: 20 Phillips 
1835: 15 Mather 
1836: 6 Buchner 
1855: 6 Clementi 
1856: 12 Deville 
1860: 7 Boedeker 
1868: 8 Topsoe (cryst.) 
1878: 21 Selmi 


Chloro-iodids. 
1868: 2 Kammerer 


F'LUORIDS. 
1823: 4 Berzelius 
1877: 8 Clarke 
1885: 9 Moissan 
1889: 8 Moissan 


PALLADIUM CHLORIDS. 


1827: 11 ————— 

1828: 10 Bonsdorff 
1846: 12 Rose 

1867: 7 Croft 

1869: 11 TopsG6e (ceryst.) 
1874: 14 Welkow 

1874: 15 Welkow 

1874: 17 Welkow 


SUBJECT INDEX 


1878: 5 Godeffroy 
1879: 8 Drechsel 
1895: 13 Werner 


Compounds with phosphorus 
compounds. 


1892: 15 Fink 


Bromids. 
1828: 10 Bonsdorft 
1894: 9 Smith and Wallace 


“* Acebrompalladium.” 
1861: 13 Nicklés 


Todids. 
1825: 8 Pleischl 
1833: 16 Lassaigne 
1835: 17 Lassaigne 
1856: 12 Deville 
1875: 22 Zenger 


IRIDIUM CHLORIDS. 

Si 86 

1814: 4 Vauquelin 

1834: 16 Kastner 

1836: 3 Hermann 

1847: 7 Claus 

1847: 8 Claus 

1847: 10 Claus 

1849: 4 Jewreinow 

1852: 6 Karmrodt and Uhrlaub 

1856: 13 Keferstein (cryst.) 

1858: 7 Claus 

1860: 6 Gibbs 

1860: 7 Boedeker 

1866: 18 Dragendorff 

1875: 14 Lasaulx (cryst.) 

1885: 6 Vincent 

1890: 12 Geisenheimer (with 
PCl,) 

1890: 13 Geisenheimer (with 
AsCl;) 

1890: 20 Joly 

1890: 37 Dufet (cryst.) 

1891: 27 Gladstone 

1893: 14 Antony 

1895: 13 Werner 


with ethylene. 
1871: 7 Sadtler 


Bromids. 
1865: 6 Birnbaum 
1890: 14 Geisenheimer (with 
PBr;) 
Iodids. 
1835: 17 Lassaigne 
1857: 7 Oppler 


18. 


19. 


a9 


RHODIUM CHLORIDS. 


1815: 1 Vauquelin 
1838: 4 Biewend 

1856: 13 Keferstein (cryst.) 
1875: 14 Lasaulx (cryst.) 
1883: 5 Wilm 

1884: 2 Wilm 

1885: 7 Vincent 

1886: 12 Foussereau 
1888: 10 Leidié 

1888: 11 Leidié 

1892: 11 Wilm 

1895: 13 Werner 


OsMIUM CHLORIDS. 
1836: 3 Hermann 


NITROSO CHLORIDS. 
1896: 9 Brizard 


RUTHENIUM CHLORIDS. 
1847: 10 Claus 
1857: 12 Senarmont (cryst.) 
1859: 8 Claus 
1866: 18 Dragendorff 
1892: 33 Joly 


Nitrosochlorids. 
1888: 14 Joly 
1889: 9 Joly 
1890: 36 Dufet (cryst.) 
1894: 11 Howe 
1894: 11 Clark (cryst.) 
1895: 7 Brizard 
1896: 8 Brizard 


COMPOUNDS of platinum with 
CARBON. 

1881: 12 Schutzenberger 

1881: 14a Colson 

1885: 10 Griffiths 

1890: 15 Schtitzenberger (and 
sulfur) 

11 Moissan (rhodium, pal- 
Jadium and iridium) 

14 Ferreira da Silva (with 
carbon monoxid) 


1896: 


1896: 


with SILICON. 


1821: 4 Boussingault 

1823: 4 Berzelius (also rho- 
dium) 

1857: 15 Deville 

1864: 4 Winckler 

1874: 35 Reichardt 

1876: 14 Guyard 

1876: 15 Boussingault 

1882: 35 Colson 
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1882: 36 Schtitzenberger and 
Colson 

1885: 11 Memminger 

1886: 4 Miles 

1893: 30 Warren 

1896: 12 Vigouroux 


20. with TIN. 
1882: 7 Ditte 


21. with PHOSPHORUS. 

1792: 2 Pelletier 

1812: 2 Davy 

1849: 5 Schrotter (also palla- 
dium) 

1883: 10 Clarke and Joslin (with 
platinum metals) 

1896: 13 A. Granger 


with arsenic 
1827: 12 Fischer 
1884: 4 Tivoli 
1895: 8 Roessler (also with an- 
timony and bismuth, 
and with palladium) 
with boron. 
1859: 17 Martius 


22. BROMATES. 


1841: 9 Rammelsberg (plati- 
num and palladium) 
Iodates. 
1831: 6 Connell (platinum) 
1845: 10 Aquilina (platinum) 


23. SULFITES. 
Platinum. 

1838: 5 Dobereiner 

1842: 9 Litton and Schneder- 
mann 

1843: 9 Berthier 

1847: 7 Claus 

1861: 9 Lang 

1866: 7 Birnbaum 

1869: 12 Birnbaum 

1890: 10 Seubert and Kobbé 


Palladium. 
1874: 20 Wohler 


Tridium. 


1847: 7 Claus 

1865: 7 Birnbaum 

1878: 10 Seubert 

1890: 10 Seubert and Kobbé 


Osmium and ruthenium. 
1847: 7 Claus 


Sulfates, iridium. 


1883: 8 de Boisbaudran 
1883: 9 de Boisbaudran 


Thiosulfates, platinum. 
1842: 11 Himly 
1866: 8 Schottlinder 
1885: 8 Johnson 


Selenates, platinum. 
1827: 12a@ Mitscherlich 


; Chromates. 
1892: 6 Frenkel 


24, NITRITES. 
Platinum. 

1848: 5 Fischer 
1861: 9 Lang 
1869: 18 Blomstrand 
1876: 13 Nilson 
1877: 7 Thomsen 
1877: 16 Nilson 
1877: 17 Nilson 
1878: 13 Nilson and Petterson 
1878: 14 Nilson 
1879: 12 Groth and Nilson 
1879: 30 Topsde (eryst.) 
1891: 6 Vézes 
1892: 12 Vézes 
1893: 18 Vézes 
1893: 19 Vézes 


Palladium. 

1892: 13 Vézes 
Iridium. 

1871: 8 Gibbs 

1895: 12 Joly and Leidié 
Rhodium. 

1890: 17 Leidié 

1890: 18 Wilm 
Ruthenium. 

1889: 12 Joly and Vézes 

1894: 13 Joly and Vézes 
Phosphates, platinum. 

1830: 9 Fischer (platinum 


metals) 
1866: 10 Gladstone (pyro-phos- 
photriamate) 


1880: 6 Engel (hypophosphite) 

1895: 9 Barnett 

1896: 16 Finek (phospho-palla- 
die ethers) 


SUBJECT INDEX 


Arsenates. 

1820: 2. Thomson (platinum, 
palladium and rho- 
dium) 

1886: 5 Gibbs (platinum) 


Arsenites. 


1894: 12 Reichard (platinum 
and palladium) 
1895: 10 Stavenhagen 


“ Cobaltate,” platinum. 


1799: 4 Brugnatelli 
1896: 34 Hazen 


Stannates, platinum. 
1884: 3 Schiitzenberger 


Thiostannates, platinum. 
1892: 14 Schneider 


Selenostannates, platinum. 
1891: 9 Schneider 


Platomolybdates. 


1790: 2. Hielm 
1877: 15 Gibbs 
1886: 5 Gibbs 
1895: 11 Gibbs ‘ 


Platotungstates. 


1877: 15 Gibbs 
1886: 5 Gibbs 
1891: 8 Rosenheim 
1895: 11 Gibbs 


25. CYANIDS. 


1860: 14 Martius 
1893: 22 Werner 


Platinum. 


1822: 2 
1836: 4 


Gmelin and Wohler 
Dobereiner 

1837: 7 Rammelsberg 

1842: 8 Kane 

1842: 10 Knop 

1842: 16 Haidlen and Fresenius 
1847: 14 Quadrat 

1847: 15 Rammelsberg 

1847: 16 Laurent 

1847: 17 Haidinger (opt.) 
1847: 18 Haidinger (opt.) 
1848: 9 Baumert 

1849: 7 Haidinger (opt.) 
1850: 9 Schabus 

1850: 16 Brewster (opt.) 
1852: 10 Haidinger (opt.) 
1853: 9 Stokes (opt.) 

1853: 10 Stokes (opt.) 


1855: 


12 


v 


: 14 
0 


aS 


Schafarik 

Bottger (opt.) 

Stokes (opt.) 

Haidinger (opt.) 

Weselsky 

Schwarzenbach 

Grailich and Lang 
(cryst.) 

Descloizeaux (eryst.) 

Grailich (opt.) 

Knop 

Werther 

Schwarzenbach 

Becquerel (opt.) 

Greiss (opt.) 

Hadow 

Czudnowicz 

von Rath (opt.) 

Lange - 

Debus 

Dellfs 

Quincke (opt.) 

Ditscheiner (cryst.) 

van der Burg 

Rossler 

Lang 

Carstanjen 

Diakonow 

Weselsky 

Blomstrand 

Blomstrand 

Preiss 

Schoras (opt.) 

Friswell 

Toezynski 

Cleve and Hoeglund 
(cryst.) 

Bolton 

Holst 

Cleve 

Jolin 

Topsée (eryst.) 

Hagenbach-Bischoft 
(opt.) 

Atterberg 

Vidau 

Friswell 
away 

Bertin 

Lommel (eryst.) 

Scholtz 

Richard and Bertrand 

Wiedemann (opt.) 

Lommel (opt.) 

Lommel (opt.) 

Lommel (opt.) 

Cleve 


and Green- 
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1883: 19 Konig (opt.) 

1885: 3 Cleve 

1886: 6 Wilm 

1886: 7 Wilm 

1886: 13 Lehmann 

1887: 9 Wilm 

1887: 39 Himly, Leiser and Bard- 
thold 


1888: 16 Wilm 
1888: 17 Freund 
1888: 25 Walden 
1888: 26 Ridorff 
1889: 13 Wilm 
1893: 26 Wilm 
1895: 13 Werner 
1895: 41 Macintyre 
1896: 21 Schertel 
1896: 41 Jackson 


Palladium. 
1822: 2 Gmelin and Wohler 
1837: 7 Rammelsberg 
1852: 10 Haidinger (opt.) 
1853: 2 Béchamp 
1856: 13 Keferstein (cryst.) 
1866: 11 Rossler 
1869: 15 Weselsky 


Iridium. 
1834: 12a@ Booth 
1837: 7 Rammelsberg 
1852: 10 Haidinger (opt.) 


Osmium. 
1895: 31 Dufet (cryst.) 


Ruthenium. 
1895: 31 Dufet (cryst.) 
1896: 22 Howe 


Osmiamiec acid. 
1846: 10 Fritsche and Struve 
1891: 15 Joly 


26. THIOCYANATES. 


Platinum. 
1854: 9 Buckton 
1856: 5 Claus 
1856: 13 Keferstein 
1868: 4 Skey 
1868: 5 Marcano 
1869: 14 Schneider 
1869: 18 Blomstrand 
1874: 21 Skey 
1874: 22 Skey 
1877: 19 Wyrouboff 
1877: 42 Clarke 
1880: 9 Wyrouboff 


SUBJECT INDEX 


1880: 10 Mareano 
1881: 13 Clarke and Owens 
1891: 7 Guareschi 


Palladium. 


TSG he RO rOnG 
1875: 16 Kern 


Selenocyanates, platinum. 
1878: 18 Clarke 


27. BASES. 


AMMONIUM. 
1856: 6 Claus 
1856: 8 Weltzien 
1862: 12 Schiff 
1893: 22 Werner 
1895: 13 Werner 


Platinum. 


1828: 11 Magnus 
1837: 6 Simon 
1838: 6 Gros 
1838: 7 Kane 
1840: 5 Reiset 
1841: 10 Berzelius 
1841: 11 Kane 
1844: 11 Peyrone 
1844: 12 Reiset 
1844: 13 Blyth 
1846: 5 Knop and _ Schneder- 
mann 
1846: 6 Haidinger (opt.) 
1846: 11 Raewsky 
1847: 12 Claus 
1847: 13 Peyrone 
1849: 6 Laurent and Gerhardt 
1850: 8 Gerhardt 
7 


1851: Hofmann 
1851: 8 Buckton 
1852: 8 Buckton 
1854: 7 Claus 


1855: 10 Peyrone 

1855: 11 Peyrone 

1856: 9 Grimm 

1856: 10 Grimm 

1857: 11 Sella (cryst.) : 
1860: 15 Chureh and Owens 
1864: 3 “Gentele 

1865: 4 Cleve 

1866: 12 Cleve 

1866: 13 Hadow 

1867: 9 Cleve 

1867: 10 Thomsen 

1869: 16 Thomsen 

1869: 17 Blomstrand 


1870: 
1870: 
1870: 
1870: 
1870: 
1870: 
1871: 
1871: 
1871: 
1871: 
1871: 
1871: 
1872: 
1873: 
1876: 


1878: 
1879: 
1882: 
1882: 
1882: 
1883: 
1884: 
1886: 
1887: 
1887: 
1888: 
1888: 


1889: 
1890: 
1890: 
1890: 
i890: 
* 1890: 
1890: 
1892: 
1893: 
1894: 
1894: 
1894: 
1895: 
1895: 
1895: 
1895: 
1896: 
1896: 
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11 Cleve 

12 Cleve 

13 Gordon 

14 Blomstrand 

15 Phillips 

16 Odling 

12 Cleve 

13 Cleve 

14 Cleve 

15 Cleve 

16 Blomstrand 

17 Blomstrand 

9 Topsode (cryst.) 

10 Sharples 

30 Thomsen (thermo- 
chem.) 

15 Phillips 

15 Drechsel 

8 Gerdes 

9 Drechsel 

20 Hofmeister 

20 Blomstrand 

15 Drechsel 

8 Jorgensen 

10 Cossa . 

11 Reese 

19 Karfoed 

20 Haberland and Hane- 
kop 

15 Jorgensen 

21 Jorgensen 

22 Jorgensen 

23 Jorgensen 

24 Cossa 

25 Carlgren 

26 Carlgren and Cleve 

16 Petersen 

23 Werner and Miolati 

15 Cossa 

17 Werner and Miolati 

26 Kurnakow 

13 Werner 

14 Kurnakow 

17 Klason 

18 Klason 

17 Schou 

20 Werner. 


Palladium. 


1841 
1853 
1860 
1865 
1878 
1880 
1890 


: 12 Fehling 

71 Muller 

: 6 Gibbs 

:5 Baubigny 

: 16 Deville and Debray 
: 7 Isambert ~ 

: 39 Smith and Keller 


Iridium. 
1852: 7 Skoblikoff 
1879: 11 Birnbaum 
1889: 14 Palmaer 
1895: 16 Palmaer 
1895: 16a Palmaer 
1896: 18 Palmaer 


Rhodium. 


1882: 11 Jorgensen 
1883: 13 Jorgensen 
1884: 6 Jorgensen 
1886: 9 Jorgensen 
1889: 15 Jorgensen 
1890: 23 Jorgensen 
1891: 19 Jorgensen 
1891: 20 Jorgensen 
1892: 18 Jorgensen 
1892: 19 Jorgensen 
1893: 20 Jorgensen 
1894: 16 Jorgensen 
1896: 19 Jorgensen 


Osmium. 
1858: 5 Gibbs and Genth 


1860: 6 Gibbs 
1881: 7 Gibbs 


Ruthenium. 
1889: 11 Joly 
1890: 19 Joly 
1892: 20 Joly 
1893: 34 Mangin 
1893: 35 Nicolle and Cantacu- 
zene 
1895: 15 Witt and Buntrock 


Platinum bases with HypRoxyt- 
AMIN. 
1871: 11 Lossen 
1887: 12 Alexander 


with ETHYLAMIN. 
1892: 21 Cossa 


with ANILIN. 


1848: 7 Raewsky 
1870: 12 Cleve 


with PyRIDIN. 


1885: 14 Hedin 
1892: 21 Cossa 
1893: 21 Cossa 
1895: 18 Klason 
1896: 20 Werner 


with PYRAZOL. 


1891: 18 Balbiano 
1892: 22 Balbiano 
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with NIcoTIN. with anthrazothionhydrate. 
1848: 6 Raewsky 1817: 6 Grotthus 

with Contr. with camphoric acid. 
1848: 8 Blyth 1823: 5 Brandes 


with ACETONAMIN. with cenanthie acid. 
1876: 17 Heintz 1837: 9 Mulder 
with thiolactic acid. 


PLATINUM-SULFUR BASES. 
1883: 11 Lovin 


1876: 16 Kriiger 


1885: 12 Enebuske with glycocol. 
1885: 13 Rudelius 1892: 23 Wallin 
1887: 7 Lohndahl 
oe Sed 29. CONDENSATION OF HYDRO- 
1890: 16 Lohndahl GEN ON PLATINUM (see 
1895: 19 Klason also Condensation phenomena, 
1895: 19a Hamberg 47). 
Mercaptids. 1823: 7 Dodbereiner 
1834: 12 Zeise (platinum) 1823: 8 Dobereiner 
1844: 10 Wertheim (platinum) 1833: 22 Boussingault 
1877: 13 Claesson (platinum, iri- 1836: 4 Dobereiner 
dium and rhodium) 1868: 10 Graham 
1873: 3 Dewar 
Cacodyl compounds. 1873: 21 Merget 
1842: 12 Bunsen - 1873: 22 Pellet 
1874: 9 Favre 
28. ORGANIC COMPOUNDS. 1874: 10 Favre 
Platinum ethyl. 1875: 10 Smith 
1852: 11 Knop 1880: 18 Phipson 
Oxalates, platinum ee 
c a uM a 1885: 22 Kritscherosky 
1833: 15 Dobereiner 1892: 68 Krakau 
1847: 17 Haidinger (opt.) 1896: 23 Friedlander (argon) 


1847: 18 Haidinger (opt.) 


1858: 6 Souchay and Lennsen Palladium. ; 
1859: 16 Schlossberger 1868: 10 Graham 
1885: 15 Séderbaum 1869: 4 Graham 
1888: 18 Séderbaum 1869: 5 Graham 
1894: 14 Séderbaum 1869: 6 Wurtz 
1896: 20 Werner 1869: 7 Bottger 
7 1869: 8 Roberts 
oa: 1869: 9 . Dewar 
1890: 36 Dufet (cryst.) 1869: 10 Hofmann 
Ureas, platinum. 1870: 2 Favre 
1881: 13 Clarke and Owens 1871: 2 Bottger 
: : 1871: 3 Lisenko 
Thioureas, platinum. {svi 4 Moke 
1893: 24 Kurnakow 1871: 5 Kolbe 
1893: 25 Sell and Easterfield 1872: 2 Roberts and Wright 
Fulminates, platinum. 1872: 17 Saytzeff ; 
1817: 5 Davy 1874: 7 Troostand Hautefeuille 
1829: 11 Davy 1874: 8 Moutier 
1878: 12 von Meyer 1874: 9 Favre 
1874: 10 Favre 
Platinum compounds 1874: 12 Smith 
with soap. 1874: 38 Béttger 
1790: 3 Leonhardi 1875: 10 Smith 


1875: 11 
1876: 56 
1883: 4 

1884: 29 
1885: 17 
1885: 37 
1885: 39 
1886: 34 
1887: 21 
1895: 4 

1895: 5 

1895: 35 


1896: 24 
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Laudy 

Bottger 

De la Rue and Miller 

Knott 

Schiff 

Larroque 

Traube 

Knott 

Keiser 

Hoitsema 

Krakau 

Mond, Ramsay, and 
Shields 

Tilden (helium) 


30. ANALYSIS. REACTIONS. 


1828: 13 
1862: 10 
1866: 19 
1871: 20 
1891: 34 


1894: 22 


Platinum. 
1826: 8 
1824: 1 
1832: 6 
1836: 6 
1845: 11 
aS Don Lo 
1858: 9 
1867: 13 


1876: 24 
1877: 22 
1877: 23 
1878: 21 
1880: 15 
1880: 22 


1881: 19 
1883: 25 


Fischer 

Claus 

Bunsen (flame) 

Jean (Na,S) 

Behrens (microchem- 
ical) 

Phillips (H) 


Forchhammer (HgNO;) 

Le Baillif (I and CuCl) 

Lassaigne (1) 

Buchner 

Cottereau (1) 

Vohl (Na.S,03) 

Spiller (citric acid) 

von Schwarzenbach 
(albumen) 

Kern (Mg) 

Heintz (C) 

Jorgensen (AgNO;) 

Bottger (P) 

Ditte (HCl) 

Vincent (dimethyl- 
amin) 

Field 

Orlowski ((NH,).S.03) 


Palladium. 


1824: 1 
1828: 15 
1838: 11 
1851: 9 
1875: 17 


1876: 24 
1876: 25 


1880: 24 
1880: 21 


Le Baillif (I and CuCl) 

Wetzlar (CuCl) 

Lassaigne (1) 

Lassaigne (1) 

Kern (1 and 
K,Fe(CN).) 

Kern (Mg) 

Kern (I and 
K,Fe(CN)<) 

von Fodor (CO) 

Vineent (dimethyla- 
min) 


Iridium. 
1883: 7 de Boisbaudran 


Rhodium. 


1844: 6 Claus (CaO) 
1844: 6 Claus (boric acid) 
1885: 18 Demareay (NaOCl) 


Ruthenium. 


1846: 8 Claus 
1867: 12 Lea (Na.S.0;) 
1894: 11 Howe 


Impurities. 


1877: 26 Galwalovski 
1879: 23 Gintl 
1890: 30 Classen 


31. ESTIMATION. 


1879: 34 Deville and Mascart 
1891: 31 Joly and Leidié 


Platinum. 


1835: 9 Dodbereiner 

1869: 19 Scheibler 

1870: 17 Topsoe 

1870: 19 Preiss (cyanids) 

1877: 10 Ribau 

1881: 24 Wallach (organic com- 
pounds) 

1885: 30 Oudemans (also _iri- 
dium and ruthenium) 

1894: 28 Gulewitsch 

1895: 22 de Koninck 


Palladium. 
1875: 22 Zenger 
1892: 6 Frenkel 
1878: 23 Volhard (effect of pal- 
ladium on estimation 
of silver) 


32. By ASSAY. 
1879: 24 Perry 
1880: 29 van Riemsdijk 
1882: 26 van Riemsdijk 
1892: 42 Matthey 
1895: 21 Priwosnik (influence 
on gold assay) 


Platinum. 


1816: 2 Chaudet 
1837: 10 Haindl 

1878: 19 von Juptner 
1881: 29 Balling 

1885: 21 van Riemsdijk 
1890: 42 Matthey 
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Iridium and osmium. 


1834: 
1857: 


17 Berthier 
6 Wysocky (gold in pres- 
ence of osmiridium) 


By ELECTROLYSIS. 


1892: 


40 Smith 


Platinum. 


1880: 
1884: 
1891: 
1891: 
1892: 


26 Luckow 

14 Classen 

28 Smith 

29 Smith and Muhr 
40 Rudorff 


Palladium. 


1880: 
1890: 
1890: 
1891: 
1891: 


27 Schucht 

40 Smith and Keller 
41 Smith and Frankel 
28 Smith 

29 Smith and Muhr 


Rhodium. 


1891: 
1891: 


30 Joly and Leidié 
32 Smith 


Ruthenium. 


1895: 


20 Smith and Harris 


33. SEPARATIONS. 


Platinum and palladium. 


1896: 


26 Cohn and Fleissner 


Iridium and platinum. 


1855: 
1892: 


4 Saint-Gilles 
37 Antony 


Platinum metals. 


1878: 


1880: 
1883: 
1887: 


1887: 
1887: 
1887: 


24 de Clermont and From- 
mel (from As) 

25 von Jtiptner (Cd) 

27 de Boisbaudran (Ga) 

25 Kriss and Hoffman 
(Au) 

26 Bettel (Au) 

27 Pirngruber (Au) 

28 Wyatt (Au) 


Platinum. 


1829: 
1875: 
1841: 
1845: 
1861: 


1879: 


1881: 
1886: 


16 Lampadius (Ag) 

6) See OD) 

13 Kemp (Au) 

13 Elsner (Sn, As) 

16 Béchamp and Saint- 
Piérre (Sn, Sb) 

28 de Clermont (As, Sn, 
Sb) 

18 Campari (As, Sn, Sb) 

14 Fresenius (As, Sn, Sb) 


1886: 
1886: 
1888: 


1892: 
1876: 


1882: 
1887: 


1843: 


15 Dirvell (As, Sn, Sb) 

16 Bailey (As, Sn, Sb) 

33 de Koninck and Lecre- 
mier (As, Sn, Sb) 

38 Antony and  Nicolli 
(As, Sn, Sb) 

22 Becker (Te) 

22 de Boisbaudran (Ga) 

23 Warren (T1) 

9 Berthier (by SO,) 


Palladium. 


1875: 


1887: 
1866: 
1887: 
1882: 


6. Seen 

24 Rosenbladt (Hg) 

15 Wohler (Cu) 

24 Rosenbladt (Pb, Bi, Cu) 
22 de Boisbaudran (Ga) 


Iridium. 


1829: 


17 Lampadius 


34, ANALYTICAL USES. 
Platinum tetrachlorid for analy- 


S1S 


OO. 
1821: 
1832: 
1846: 
1865: 
1866: 


1868: 


1874: 
1876: 
1877: 
1879: 
1880: 
1881: 
1881: 


1881: 
1881: 


1882: 
1883: 


1885: 


1887: 
1888: 
1892: 
1893: 
1895: 
1895: 
1895: 
1895: 
1896: 
1896: 
1896: 
1896: 
1896: 


of alkalies. 


3 Vauquelin 

6) Etat 

6 Lassaigne 

13 Fresenius 

8 Redtenbacher 

17 Finkener 

11 Chalmers and Tatlock 
26 Krause 

23 Kretschy 

25 Fresenius 

22 Precht 

23 Morrell 

20 Lindo 

21 Ulex 

22 Tatlock 

23 Zuchschwerdt and West 
23 Fresenius 

23 Stolba 

20 Bottger and Precht 
13 Dittmar and McArthur 
37 de Koninek 

45 Jean and Trillat 

38 Villiers and Borg 
23 Winter 

24 van Dam 

25 Delépine’ 

27 Sonstadt 

28 Hintz 

29 Fabre 

31 Ruer 

32 Bauer 

33 Precht 


1828: 
1829: 


1831: 


1834: 


1855: 


1863: 


1876: 


1876: 


1876: 


1878: 


1881: 


1882: 
1883: 


1883: 


1883: 


1884: 


1888: 
1888: 


1890: 


1896: 
1896: 
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28 Dublane (for I) 

23 Wohler (combustion of 
C) 

21 Hare (platinized asbes- 
tos) 

15 Brandes (for tartaric 
acid) 

22 Stenhouse 
charcoal) 

7 Dellfs (eyanid for al- 
kaloids) 

31 Kopfer 
analysis) 

32 Kopfer 
analysis) 

33 Mitscherlich 
for oxygen) 

29 Kopfer (elementary 
analysis) 

19 Field (iodid in water 
analysis) 

25 Blunt (indicator for I) 

24 Leeds (iodid for water 
analysis) 

26 Ballo (platinized mag- 
nesium) 

28 Clemence 
tube) 

13 Zulkowsky and Lepéz 
(platinized quartz) 

28 Barfoed (for Hg) 

35 Kassner (for 
analysis) 

38 Thiele (PtZn in 
Marsh’s test) 

27 Tarugi (amalgam) 

34 Hazen (cobaltite for 
colometric standard) 


(platinized 


(elementary 
(elementary 


(chlorid 


(platinum 


ash 


Palladium. 


1857: 
1879: 


1881: 
1889: 


1884: 
: 25 Maggi 


1882 


1853: 
1876: 
1884: 
1875: 


1879: 


10 Bottger (for gases) 

25 Hempel (use in analy- 
sis of CO.) 

27 Schneider (use in ana- 
lysis of CO.) 

20 Winkler (use in analy- 
sis of CO,) 

18 Vulpius (for O;) 
(chlorid in 
water analysis) 

3 Kersting (iodid) 

21 Chatin (iodid) 

17 Harnack (iodid) 

21 Selmi (iodid for alka- 
loids) 

26 Hempel (metal for 
hydrogen) |. 


1879: 
1881: 
1886: 
1886: 
1885: 
1895: 


1896: 


1895: 
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27 Hempel (do.) 

26 Tschirikoff (do.) 

18 Hoppe-Seyler (do.) 

19 Sudakoff (do.) 

22 Kritschewsky (do.) 

30 Phillips (chlorid for 
hydrogen) 

30 Campbell and Hart 
(do.) 

34 Campbell (palladinized 
CuO in organic ana- 
lysis) 


Ruthenium. 


1862: 
1866: 


9 Claus 

18 Dragendorff (chlorid 
and iridium chlorid 
for alkaloids) 


35. CHEMICAL PROPERTIES—Sol- 
ubility, ete. 


Platinum. 


5a 
1755: 
1761: 
1779: 
1782: 
1799: 
1810: 
1811; 
1827: 
1828: 
1836: 
1842: 
1854: 
1854: 
1859: 
1866: 
1875: 
1878: 
1879: 


Scheffer 
Lewis 
Margegraf 
Tillet 
Wenzel 
Priestly 
Davy 
Davy 

14 Fischer 

12 Dodbereiner 
14 Dobereiner 
14 Millon 

13 How 

14 Lasch 

10 Dullo 

6 Schénbein 
25 Fairley 

22 Berthelot 
14 Edison 


WRNYUDMHHHW 


Palladium. 


1809: 
1811: 
1827: 
1878: 


2 Cloud 

3 Davy 

14 Fischer 
22 Berthelot 


Action in promoting solution of 
other metals. 


1829: 
1838: 


1854: 
1873: 
1870: 


15 Zenneck (platinum) 

23 Dodbereiner (iridos- 
mium) 

12 ————(iridosmium)} 

23 Gourdon (platinum) 

30 Schénn (passive iron) 
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36. AFFINITY. 1885: 9 Moissan (PF;) 
1883: 21 Donath and Mayrhofer 1891: 21 Sudborough (NOCT) 
1888: 21 Heyes (valence) 1892: 31 Sabatier and Sender- 
Platinum. ens (NO,) 
1819: 1 Berzelius Palladium. 
1874: 25 Gramp 1892: 29 Neumann 
1878: 42 Berthelot 1838: 15 Bottger (Cl) 
1881: 10 Orlowsky (toward sul- 1879: 16 Volta (ozone) 
fur) 1882: 17 Mailfert (ozone) 
Palladium. 1890: 29 Uhl (SO,) 
1804: 20 Ritter 1842: 15 Oyen (hydroear- 
mAs : ons 
Fae es ea 1881: 6 Wilm (hydrocarbons) 
1888: 22 Schimmann 1892: 31 Sabatier and Senderens 
(NO,) 
37. ACTION ON COMPOUNDS— Iridium. 
Platinum. 1892: 32 Antony (Cl and CO) 


1817: 4 Gehlen (As,Os, etc.) 
1874; 27 Deville and Debray 
(formic acid) 


Osmiridium. 
1846: 22 Grove (steam) 


1878: 51 Tommasi (FeCl, and Rhodium. 
AgCl) 1881: 6 Wilm (hydrocarbons) 
1881: 40 Johnston (mixture of 
N and H) 38. PHYSIOLOGICAL ACTION. 
1893: 32 Mahon (iron com- 1825: 10 Gmelin 
pounds) 
1894: 27 Michaud (ammonium Platinum. 
amalgam) 1833: 25 Prevost (chlorid) 
ACTION ON GASES. 1840: 7 Hofer 
1892: 30 Emich (NO) 1878: 27 Brunton and Fayrer 
1893: 29 Dudley (mixture of (on cobra poison) 
HCl and 0) 1878: 28 Pedlar (on cobra poi- 
Platinum. SO 
1882: 20 Hofmeister (bases) 
Tees ee Neuman 1892: 36 Pell (chlorid) 
1838: 15 Bottger (Cl) 
1877: 20 Troost and Hautefeu- Palladium. 
ille (Cl) 1871: 18 Rabuteau (chlorid) 


1879: 16 Volta (ozone) 


1836: 7 Regnault (steam) Oe ae 


1846: 22 Grove (steam) 1849: 8 Brauell 

1847: 26 Wilson (steam) 1851 10 Butlerow 

1876: 26 Deville and Debray ee ee ns 
(steam) Osmiamie acid. 

1829: 27 Despretz (ammonia) 1869: 20 Owsjannikow 

1864: 6 Geitner (SO,) 

a 29 a Te B) 39. CRYSTALLOGRAPHY. 

9: 35 Mulder 5 9 s . 

1866: 14 Bottger (H,S) 1843: 7 Berzelius 

1870: 34 Skey (H,S) Platinum, metal. 

1842: 15 Marchand  (hydrocar- 1820: 5 Sowerby 
bons) 1830: 3 Marx 

1881: 6 Wilm (hydrocarbons) 1840: 2 Jacquelain 

1861: 11 Baudrimont (PCI,) 1851: 4 Ebelmen 

1864: 2 Baudrimont (PCI,) 1855: 2 Mallet 

1880: 20 Goldschmidt (PCI,) 1857: 4 Kottig 


SUBJECT 
1858: 10 Noqués 
1859: 5 Soréze 
1860: 1 Cotta 
1862: 5 Phipson 
1862: 6 Noble 
1879: 6 Deville and Debray 
(preparation of FePt) 
Palladium. 


1842: 7 Rose 
1849: 10 Rose 

1853: 4 Nicklés 
1856: 13 Keferstein 


Tridium. 
1841: 5 Rose 
1849: 10 Rose 
1853: 4 Nicklés 
1866: 3 Cloez 
1893: 27 Prinz 
Osmium. 


1894: 10 Rose 


Osmiridium and iridosmium. 
1828: 6 Breithaupt 
1830: 3 Marx 
1833: 10 Breithaupt 
1833: 11 Breithaupt 
1840: 1 Breithaupt 
1882: 1 von Lasaulx 


Ruthenium. 
1879: 6 Deville and Debray 
(synthetic laurite) 
HALOGEN SALTS. 
Platinum. 
1854: 15 Schabus 
1855: 16 Weltzien 
1855: 17 Marignae 
1857: 14 Descloizeaux 
1861: 2 Sella 
1868: 8 Tops6e 
1871: 19 Topsoe and Christian- 
sen 
5 Marignac 
31 TopsG6e 
41 Topsoe 
1877: 27 Schimper 
1882: 21 Tops6e 
1888: 9 Weibull 


Palladium. 
1869: 11 Topsoe 


1873: 
1874: 
1874: 


Iridium and rhodium. 
1856: 13 Keferstein 
1875: 14 Lasaulx 
1890: 37 Dufet (iridium) 

19 
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Ruthenium. 
1857: 12 Senarmont 
1890: 36 Dufet 
1894: 11 Clark 


NITRITES, platinum. 
1879: 12 Groth and Nilson 
1879: 30 Topsde 
1880: 33 Groth 


Bases, platinum. 


1857: 11 Sella 
1895: 32 Sella 


Tridium. 

1895: 16 Palmaer 

1895: 16@ Palmaer 

1895: 19a Hamberg 
CYANIDS, platinum. 

1857: 13 Grailich and Lang 

1857: 14 Descloizeaux 

1864: 11 Ditscheiner 

1866: 28 Lang 

1872: 6 Cleve and Hoeglund 

1874: 31 Topsde 

1879: 31 Lommel 

1880: 11 Seholtz 

1856: 13 Keferstein (palladium) ~ 

1895: 31 Dufet (osmium and 

ruthenium) 

THIOCYANATES. 

1856: 13 Keferstein 

1877: 19 Wyrouboff 
OXALATES, rhodium. 

1890: 36 Dufet 


RUTHENATES. 
1890: 35 Dufet 


40. OPTICAL 
crystals. 


PROPERTIES of 


Halogen compounds. 


1852: 10 Haidinger (palladium 
and rhodium) 

1854: 11 Gladstone (platinum) 

1871: 19 Topsde and Christian- 
sen (platinum) 

1895: 33 Gladstone and Hibbert 
(platinum) 

Sulfids. 


1864: 14 Pisko (platinum) 
Platinum bases. 

1846: 6 Haidinger 
Cyanids of platinum. 


1847: 17 Haidinger (also oxa- 
lates) 
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1848: 18 Haidinger (also oxa- 
lates) 
1849: 7 Haidinger 
1850: 16 Brewster 
1852: 10 Haidinger 
1853: 9 Stokes 
1853: 10 Stokes 
1855: 13 Bottger 
1855: 14 Stokes 
1855: 20 Haidinger 
1858: 17 Grailich 
1859: 18 Beequerel 
1859: 19 Greiss 
1860: 16 von Rath 
1863: 18 Quinecke 
1870: 29 Schoras 
1874: 40 Hagenbach-Bischoft 
1880: 30 Wiedemann 
1880: 31 Lommel 
1880: 32 Lommel 
1881: 30 Lommel 
1883: 19 Konig 


41. PHYSICAL PROPERTIES.— 
GENERAL. 


Platinum. 
1751: 2 Scheffer 
1755: 1 Lewis 
1761: 1 Marggraf 
1775: 1 Morveau 
1776: 1 Ingenhousz 
1798: 1 Morveau 
1800: 7 Rochon 


1811: 3 Davy 

1836: 14 Dobereiner 
1851: 12 Baudrimont 
1891: 33 Heraus 


Palladium. 

1809: 2 Cloud 

1811: 3 Davy 
Osmium. 

1893: 9 Joly and Vézes 
Ruthenium. 

1893: 8 Joly 


42. SPECIFIC GRAVITY. 

1845: 12 Kopp 
Platinum. 

1791: 1 Willir and Norvell 
1830: 11 Osann 
1844: 14 Marchand 
1848: 11 Osann 
1848: 12 Rose 


1858: 11 Crace-Calvert and 
Johnson 

1875: 26 Deville and Debray 

USS .0e ea 


Platinum salts. 


1873: 30 Schroder 
1877: 42 Clarke 
1878: 30 Clarke 
1885: 19 Groshans 
1888: 23 Gerlach 


Palladium. 
1833: 10 Breithaupt 


Iridium. 
1875: 26 Deville and Debray 


Osmiridium. 
1833: 10 Breithaupt 


TENACITY. 
1809: 4 Morveau (platinum) 
1834: 25 Karmarsch (platinum) 
1850: 13 Baudrimont (platinum 
and palladium) 


ELASTICITY, platinum. 


1844: 21 Wertheim (and palla- 
dium) 

1852: 13 Kupffer 

1854: 17 Kupffer 

1865: 18 Edlund 

1876: 64 Pisati 

1877: 48 Gesechus 

1887: 42 Bosanquet 

1888: 47 Rehkuh 


EXPANSIBILITY. 
1869: 27 Fizeau 


Platinum. 


1851: 11 Paucker 
1858: 11 Crace-Calvert and 


Johnson 
1861: 20 Crace-Calvert, Johnson 
' and Lowe 
1866: 27 Matthiessen (and pal- 
ladium) 


1889: 41 Le Chatelier (and pla- 
tinum-iridium ) 
1891: 50 Seliwano 
CAPILLARITY. 
1868: 16 Quincke (platinum and 
palladium) 
VISCOSITY. 
1888: 49 Barus 


PASSIVITY. 
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1863: 10 Heldt 


43. FUSIBILITY. 


1847: 
1847: 
1847: 


21 
22 
23 


Platinum. 
175s 2 


eT: 
1779: 
1784: 
1784: 
1789: 
1790: 
1790: 
AO aS 
1800: 
1802: 
1803: 
1804: 
1806: 
1809: 
1810: 
1813: 
1815: 
1817: 
1817: 
1817: 
1818: 
1818: 
1819: 
1819: 
1820: 
1826: 
1827: 
1835: 
1838: 
1839: 
1840: 
1842: 
1844: 
1845: 
1849: 
1852: 
1856: 
1857: 
1859: 
1860: 
1862: 
1862: 
1862: 
1862: 
1863: 
1863: 
1869: 


Hare 
Hare 
Hess 


Bergman 

Morveau, ete. 

Achard (with arsenic) 
Crell 

von Sickingen 

Willis 

Ruprecht 

Ruprecht 

Born 


Marum 
Tilloch 
Amicus 
Corréa 
Children 


Marcet 
Children 
Clarke 
Clarke 
Faraday 
Cloud 
Prechtl 
Gilbert 
Clarke 
Hare 
Nasse 
Eichfeld 
Maugham 
Hare 
Geiseler 
Hare 
Hare 
Reich 
Riess 
Despretz 
Deville 
Deville 
Deville 
Jacobi 
Deville and Debray 
Becquerel 
Deville and Debray 
Aubel 
Herzeus 
Richter 
Aubel 
Skey 


1870: 
1871: 
1872: 
1872: 
1875: 
1876: 
1879: 
1882: 


1892: 
1894: 


1894: 
1895: 
1896: 
1896: 


1896: 


Palladium. 


1818: 
1849: 
1862: 
1879: 
1892: 


1895: 


21 
23 
10 
ve 


34 
43 
13 


35 


25 
43 
37 
38 


39 


9 

13 
17 
43 
35 


43 


Iridium. 


1810: 
1837: 
1842: 
1846: 
1879: 
1881: 


1882: 


1882: 
1885: 


5 
5 
17 
15 
43 
15 


14 


15 
24 


Rhodium. 


1818: 9 Cloud 
1846: 15 Hare 
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Deville 
Chapman 
Violette 
Dumas 


Diirre 
Violle 
Siemens and Hunting- 
ton 
Heycock and Neville 
(with lead) 
Heycock and Neville 
(with thallium) 
Spring 
Holborn and Wien 
Meyer 
Holman, Lawrence and 
Barr 
Hartley 


Cloud 

Despretz 

Becquerel 

Violle 

Heycock and Neville 
(with lead) 

Holborn and Wien 


Bunsen 

Hare 

Hare 

Violle 

Holland (with phos- 
phorus) 

Dudley 
phorus) 

Warder 

Johnson, Matthey and 
Co. 


(with phos- 


Iridosmium. 
1870: 20 [Farmer] 


VOLATILITY. 


Platinum. 


1802 


1858: 
1877: 


1879: 
1879: 


0 
12 
20 


18 
19 


Hare 

Elsner 

Troostand Hautefeuille 
(in chlorin) 

Seelheim (in chlorin) 

Meyer (in chlorin) 
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1879: 20 Smith (in chlorin) 46. THEORETICAL RELATIONS 
1879: 21 Dunnington(inchlorin) of properties. 
1879: 45 Edison 1826: 15 Berzelius 
1886: 29 Dessau 1845: 12 Kopp 
1888: 31 Berliner 1883: 21 Donath and Mayrhofer 
18388: 32 Kayser Plati 
1891: 40 Crookes cee ee, , 
1891: 41 Mooser 1818: 8 Montizon 
1892: 63 Spring 1827: 8 Osann 
1893: 31 Moissan 1846: 17 Playfair and Joule 
1896: 40 Moissan 1860: 17 Crossley 
1867: 11 Jorgensen 
Palladium. 1873: 13 Petterson 


1873: 15 Bottone 

1882: 34 Kalischer 

1884: 28 Bidwell 

1888: 48 Roberts-Austen (palla- 
dium and rhodium) 

1892: 28 Sayno 


1858: 12 Elsner 
1888: 31 Berliner 
1891: 40 Crookes 


Iridium. 


1858: 12 Hlsner 

1879: 45 Edison 

47. CONDENSATION OF GASES 
on surface and attendant phe- 
nomena (see also Condensa- 
tion of hydrogen, 29) 


44, MALLEABILITY and making 
malleable; platinum. 


1800: 4 Knight 1834: 19 Faraday 

1800: 5 Mussin-Puschkin 1858: 15 Phipson 

1804: 6 Mussin-Puschkin 1874: 27 Deville and Debray 

1804: 15 Mussin-Puschkin 1894: 35 Cailletet and Collar- 

1804: 16 Mussin-Pusehkin deau 

1805: 8 Tilloch 1894: 37 Berthelot 

1813: 2 Leithner f 

1813: 3 Gehlen Platinum. 

1813: 4 Schweigger 1817: 10 Davy 

1813: 5 Wollaston (wire) 1817: 13 Murray 

1814: 11 Scholz 1818: 13 Sommerring 

1829: 20 Wollaston 1818: 14 Erman 

1831: 27 Abich 1818: 15 Gill 

1832: 15 Marshall 1818: 16 Davy 

1832: 16 Marx aS TS ey il omeemmemien 

1836: 17 Liebig 1819: 8 Gilbert 

1836: 18 Liebig 1822: 6 D6bereiner 

1841: 15 C. 1822: 7 ————— 

1841: 16 Biewend (palladium) 1823: 6 Dobereiner 

1860: 4 Deville and Debray 1823: 9 Dulong and Thenard 

1860: 18 Delarue 1823: 10 Dulong and Thenard 

1862: 22 [Storer] 1823: 11 Garden 

1875: 7 ———_— 1823: 12 Gmelin 

1885: 24 Johnson, Matthey and 1823: 13 Gilbert, Chladin and 
Co. (iridiunmy) Daniell 


1823: 14 Herapath 
1823: 15 Karmarsch 


45. WELDING platinum. 1823: 16 Pfaff 


1863: 13 Grutiel 1823: 17 Pleischl 
1878: 35 ———__ 1823: 19 Schweigger 
1880: 14 Spring (in cold) 1824: 3 Adie 

1884: 20 Seaman 1824: 4 Dana 


1886: 23 Lake 1824: 5 Dodbereiner 


1824: 
1824: 
1824: 
1824: 
1824: 
1824: 
1824: 
1824: 
1824: 
1824: 
1825: 
1825: 
1825: 
1825: 
1825: 
1825: 
1825: 
1825: 
1826: 
1826: 
1826: 
1828: 
1829: 
1829: 
1829: 
1831: 
1831: 
1831: 
1831: 
1831: 
1831: 
1831: 
1831: 
1831: 
1831: 
1831: 
1831: 
1832: 
1832: 
1832: 
1832: 
1832: 
1833: 
1833: 
1834: 
1834: 
1834: 
1834: 
1835: 
1835: 
1835: 
1835: 
1836: 
1836: 
1836: 
1836: 
1838: 


SUBJECT INDEX 


Dodbereiner 
Dobereiner 
Fyfe 
Gilbert 
Henry 
Kastner 
Osann 
Schmidt 
Turner 


Gill 
Bischof 
Davy 
Vogel 
John 
Dulk 


Stratingh 
Dobereiner 
Dobereiner 
Miller 
Erdmann 
Liebig 
Graham 
Dobereiner 
Becquerel 
Dobereiner 
Schweigger-Seidel 
Schweigger-Seidel 
Dodbereiner 
Dodbereiner 
Dobereiner 
Bottger 
Schweigger 
Hess 
Merryweather 
Hermbstadt 
Dobereiner 
Dobereiner 


Phillips 


Bottger 
Degen 
Dobereiner 
Dobereiner 
Dobereiner 
Dobereiner 
Liebig 
Artus 
Hanle 
Henry 
Henry 
Mohr 
Degen 
Degen 
Kuhlmann 


1838: 
1839: 
1839: 
1839: 
1839: 
1839: 
1843: 
1843: 
1843: 
1843: 
1843: 
1844: 
1844: 
1845: 
1845: 
1845: 
1849: 
1850: 
1853: 
1855: 
1857: 
1858: 
1859: 
1859: 
1861: 
1861: 
1862: 
1865: 
1865: 
1866: 
1866: 
1867: 
1867: 
1868: 
1870: 
1871: 
1871: 
1873: 
isis 
1873: 
1874: 
1874: 
1874: 
1875: 
1875: 
1875: 
1876: 
1876: 
1876: 
1876: 
1878: 
1878: 
1878: 
1879: 
1879: 
1882: 
1882: 


18 


10 
12 
10 
ala! 
12 
13 
14 
17 
20 
16 
ali 
18 
12 
15 
11 
23 
20 
16 
26 
27 
19 
21 
25 
17 
18 
14 
26 
19 
20 
10 
35 
25 
26 
24 
27 
29 
11 
37 
38 
10 
25 
32 
20 
57 
58 
59 
46 
52 
53 
49 
51 
39 
42 
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Kuhlmann 
Kuhlmann 
Martens 
Grove 
Grove 
Schonbein 
Bottger 
Dobereiner 
Do6bereiner 
Reiset and Millon 
Sch6nbein 
Dobereiner 
Dodbereiner 
Dobereiner 
Schonbein 
Schrotter 
Field 
Wagner 
Magnus 
Baudrimont 
Schénbein 
Sch6nbein 
Schonbein 
Schoénbein 
Saint-Edme 
Gorup-Besanez 
Wiederholt 
Kraut 

Sell 
Bottger 
Wilde 

Merz 

Artus 
Graham 
Skey 
Klinkerfues 
Baudrimont 
Griiel 
Coquillion 
Favre 
Smith 
Wilde 
Traube 
Smith 
Fairley 
Coquillion 
Wohler 
Meyer 
Meyer 
Dumas 
Coquillion 
Hoppe-Seyler 
Gladstone and Tribe 
Gladstone and Tribe 
Koch 
Berthelot 
Traube 
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1883: 
1883: 
1884: 
1884: 
1885: 
1886: 
1886: 
1886: 
1887: 
1887: 
1887: 
1887: 
1888: 


1888: 
1889: 
1889: 
1889: 
1889: 
1890: 
1890: 
1890: 
1890: 
1891: 
1891: 
1892: 
1895: 


SUBJECT INDEX 


Chappuis 

Fromme 

Valentini 

Zulkowsky and Lepéz 

Bellamy 

Grimaux 

Thmori 

Warburg and Ihmori 

Cooke 

Kraut 

Thmori 

Wright and Thompson 

Hodgkinson and 
Lowndes 

Berliner 

Jahn 

Traube 

Tlosvay de N. Llosva 

Fuchs 

Engel 

Loew 

Loew 

Elster and Geitel 

Neumann and Streintz 

Warren 

Wilm 

Mond, Ramsay 
Shields 


and 


Palladium. 


IkSMYfE 
1817: 
1823: 
1823: 
1825: 
1826: 
1868: 
1869: 
1869: 
1869: 
1869: 
1869: 
1869: 
1869: 
1869: 
1873: 
1873: 
1873; 
1875: 
1875: 


1875: 
1876: 
1876: 
1877: 
1877: 
1877; 


10 
at 
io 

18 
19 


10 
30 
25 
26 
27 
10 
12 


32 
53 
54 
39 


Davy 
Schubler 
Dulong and Thenard 
Pleischl 
Wohler 
Miller 
Graham 
Graham 
Graham 
Wurtz 
Bottger 
Roberts 
Dewar 
Hofmann 
Bottger 
Bottger 
Bottger 
Coquillion 
Smith 
Troost and Hautefeu- 
ille 
Coquillion 
Coquillion 
Coquillion 
Tommasi 


40 Coquillion 


41 


Coquillion 


1878: 
1878: 
1878: 
1879: 
1879: 
1879: 
1879: 
1881: 
1881: 
1881: 
1882: 
1882: 
1883: 
1883: 
1883: 
1883: 
1887: 
1888: 
1889: 
1889: 
1889: 
1891: 
1894: 
1895: 


Iridium. 


1823: 
1823: 
1831: 
1831: 
1831: 
1883: 


9 

11 
14 
15 
16 
31 


Rhodium. 
1881: 5 Wilm 
1883: 31 Hoppe-Seyler 


48. DIFFUSION 


Coquillion 

Hoppe-Seyler 

Gladstone and Tribe 

Hempel 

Gladstone and Tribe 

Hoppe-Seyler 

Koch 

Tschirikoff 

Baumann 

Traube 

Traube 

Traube 

Traube 

Hoppe-Seyler 

Fromme 

Baumann 

Kraut 

Berliner 

Traube 

Hoppe-Seyler 

Thoma 

Neumann and Streintz 

Phillips 

Mond, 
Shields 


Ramsay and 


Dulong and Thenard 
Garden 

Dobereiner 
Dodbereiner 
Dobereiner 
Hoppe-Seyler 


OF GASES 


through platinum. 


1863 
1863 
1866 
1876 


a8 
29 
20 
S6i 


Matteucci 

Deville and Debray 
Graham 

Helmholtz and Root 


Palladium. 


1894: 34 Ramsay 
1895: 34 Campbell 


49. PHENOMENA 


CONNECTED 


WITH LIGHT. 


Platinum. 


1786: 2 Landriani 


1827: 
1846: 
1870: 
1871: 
1872: 


ai 
20 
31 
22 
19 


Kastner 
Schonbein 
Schinz 


Desains 


1876: 
1877: 
1879: 
1879: 
1879: 
1881: 
1881: 
1885: 


1886: 
1886: 
1887: 


1887: 
1888: 


1888: 
1888: 
1888: 
1889: 
1891: 


1892: 
1892: 
1894: 
1895: 


1895: 


1896: 
1896: 


, SUBJECT INDEX 


63 Lallemand 

43 Govi 

44 Violle 

48 Nichols 

55 Schwendler 

30 Lommel 

37 Violle 

40 Knoblauch (and palla- 
dium) 

30 von Aubel 

31 von Aubel 

18 Duclaux (light on pla- 
tinum ehlorid) 

43 Violle 

50 Trowbridge and Sabine 
(and palladium) 

51 Weber 

53 Kundt 

54 Kundt 

38 Emden (and palladium) 

27 Gladstone (molecular 
refraction IrCl,) 

61 Parmentier 

62 Hertz 

39 Paschen 

33 Gladstone and Hibbert 
(molecular refraction, 
chlorid) 

41 Macintyre (cyanid 
screen for X rays) 

41 Jackson (do.) 

42 Egbert (X rays on 
platinum) 


SPECTRUM. 


1861: 
1868: 
1879: 


23 Kirchoff 
17 Thalén 
47? Gouy 


Platinum. 


1850: 
1862: 
1869: 
1877: 


1879: 


1882: 


11 Masson 

26 Miller 

28 Gibbs 

44 Ciamician (and palla- 
dium) 

46 Liveing and Dewar 
(and palladium) 

37 Hartley (and _palla- 
dium) 


‘Osmium. 


1863: 


17 Frazer 


PLATINUM LiGHT UNIT. 


1884: 
1884: 
1884: 
1885: 
1886: 
1888: 


25 Siemens 

26 Violle 

27 ————_ 

43 Trowbridge 

33 von Hefner-Alteneck 
52 Liebenthal 
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50. PHENOMENA CONNECTED 
WITH HEAT. 


Platinum. 


1824: 
1828: 
1828: 
1830: 
1841: 
1853: 


1853: 
1858: 


1872: 
1878: 
1880: 
1882: 
1885: 
1887: 


1887: 
1887: 


1887: 
1894: 


16 
25 
26 
19 
18 
sll: 


12 
18 


20 
60 
39 
43 
41 
i 


18 
44 


54 
37 


Dodbereiner 

Fischer 

Schwartz 

Fischer 

Fischer 

Wiedemann and Franz 
(palladium) 

Wiedemann and Franz 

Crace-Calvert and 
Johnson 

Buff 

Rossetti 

Desains and Curie 

Poloni 

Schleiermacher 

Guldberg (and palla- 
dium) 

Duclaux (heat on pla- 
tinum chlorid) 

Bottomley 

Bottomley 

Gray 


51. THERMO-CHEMICAL PHENO- 


MENA 


heat). 


1861: 
1893: 


22 
41 


Platinum. 


1818: 
1819: 
1830: 
1836: 
1840: 
1864: 
1877: 
1882: 
1895: 
1895: 


18 


Platinum 
and iridium. 
1886: 26 Pionchon 


(ineluding specific 
Regnault 
Richards 
Dulong and Petit 


Dulong and Petit 
Weber 

Pouillet 

Regnault 

Knopp 

Violle 

Hoadley 

Crompton 

Bartoli and Stracciati 


alloys with palladium 


Platinum compounds. 


1864: 
1870: 
1871: 
1876: 
1878: 
1880: 
1890: 
1891: 
1891: 


13 


Kopp 
Thomsen 
Thomsen 
Thomsen 
Thomsen 
Berthelot 
Pigeon 
Pigeon 
Pigeon 
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1892: 34 Pigeon 
1894: 10 Pigeon 


Palladium. 


1840: 12 Regnault 
1878: 44 Violle 


Palladium compounds. 


1878: 
1880: 
1882: 


54 
38 
38 


Iridium. 


1840: 
1856: 
1859: 
1864: 
1879: 


43 


Békétoff (hydrid) 
Berthelot 
Joannis 


Regnault 
Regnault 
Regnault 
Kopp 
Violle 


Rhodium and osmium. 
1856: 18 Regnault 
Ruthenium. 
1870: 33 Bunsen 


52. MAGNETISM of platinum. 


1784: 
1830: 
1847: 
1866: 
1880: 
1883: 


53. PHENOMENA 


2 
16 
27 
il 
44 
1a 


von Sickingen 
Gobel 

Lamont 
Kokscharow 
Hall 

Wilm 


CONNECTED 


WITH ELECTRICITY. 


1879: 


Platinum. 
1804: 
1816: 
1823: 

‘ 1824: 
1826: 
1827: 
1827: 
1828: 
1828: 
1833: 
1838: 
1838: 
1838: 
1840: 
1840: 
1841: 
1841: 
1845: 
1846: 
1846: 
1851: 


52 


18 
3 

23 
Lf 
16 
21 
22 
ug 
27 
27 
19 
20 
21 
13 
14 
21 
22 
21 
16 
21 
13 


Gore 


Berthollet 
Dessaignes 
Beequerel 
Dulk 
Marianini 
Despretz 
Harris 
Erdmann 
Pfaff 

Lenz 
Schonbein 
Schonbein 
Andrews 
Jacobi 
Smee 
Jacobi 
Poggendorff 
Poggendorff 
Elsner 
Becquerel 
Becquerel 


1858: 
1858: 
1859: 
1864: 
- 1869: 
1869: 
1870: 
1870: 
1870: 
1871: 
1872: 
1873: 
1875: 


1881: 
1881: 
1882: 
1882: 
1883: 
1883: 
1883: 
1883: 
1884: 
1884: 
1885: 
1885: 
1885: 
1886: 
1886: 
1886: 
1886: 
1887: 
1887: 
1887: 
1888: 
1888: 
1888: 
1888: 
1888: 
1890: 
1890: 
1892: 
1892: 
1893: 
1893: 
1893: 
1894: 
1895: 


19 
20 
29 
15 
31 
32 
36 
38 
39 
27 
22 
28 
33 


38 
39 
44 
45 
34 
35 
36 
37 
30 
31 
42 
45 
46 
35 
36 
37 
38 
56 
59 
60 
55 
58 
59 
60 
61 
61 
62 
65 
66 
42 
43 
45 
40 
36 


Arndtsen 

Matthiessen 

Jacobi 

Raoult 

Obermayer 

Gaugain 

Skey 

Skey 

Edlund 

Skey 

Gaugain 

Volta 

Champion, 
Grenier 

Nichols 

Streintz 

Braun 

Grossens 

Fromme 

Hankel 

Krouchkoll 

Beecquerel 

Weiller 

Macfarlane 

Konowalow 

Tomlinson 

Cailletet and Bouty 

Peddie 

Drechsel 

Gautier 

Case 

Preece 

Koosen 

Oberbeck 

Barus (alloys) 

Exner and Turner 

Gore 

Wiedemann and Ebert 

Nahrwold 

Argyropoulos 

Le Chatelier 

Herroun 

Bjerknes 

Paschen 

Rizzio 

Dewar and Fleming 

Neumann 

Engel (copper-plati- 
num couple) 


Pellet and 


Palladium. 


1845: 
1846: 
1858: 
1869: 
1869: 
1870: 


21 
21 
20 
33 
34 


39 


Poggendorft 
Becquerel 
Matthiessen 
Villari 
Poggendorff 
Edlund 


1883: 
1884: 
1886: 
1893: 
1894: 
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34 Fromme 

29 Knott (hydrid) 

34 Knott (hydrid) 

45 Dewar and Fleming 
40 Neumann 


54. THERMO-ELECTRICITY. 


1887: 


53 Le Chatelier 


Platinum. 


1829: 
1855: 
1876: 


1877: 


1878: 
1880: 
1880: 
1880: 
1880: 
1887: 
1888: 
1892: 


1894: 


26 Becquerel 

24 Adie 

62 Knott, MacGregor, and 
Smith (palladium) 

46 Thomsen (and _ palla- 
dium) 

56 Gore (and palladium) 

40 Bouty 

41 Gore 

42 Young 

43 Blondlot 

45 Haga 

62 Jahn 

64 Barus (with 
and rhodium) 

38 Noll 


iridium 


55. POLARISATION PHENOMENA. 
Platinum. 


1838: 
1838: 
1839: 
1844: 
1845: 
1857: 
1859: 
1872: 
1874: 
1877: 
1878: 
1878: 
1879: 
1879: 
1880: 
1882: 
1883: 
1883: 
1887: 
1887: 
1888: 
1888: 
1889: 
1890: 
1890: 
1891: 
1891: 


24 Bird 

25 Matteucci 
ieee: 

19 Poggendorfft 

20 Fischer 

21 Bertini 

28 Sch6nbein 

23 Helmholtz 

43 Macaluso 

30 Parodi and Maseazzini 
55 Morley 

57 Beetz 

53 Bottger 

54 Gladstone and Tribe 
45 Helmholtz 

46 Streintz 

38 Pirani 

40 Guébhard 

57 Streintz 

58 Fromme 

56 Draper 

57 Fromme 

39 Richarz 

60 Arons 

63 Richarz 

51 Markovsky 

52 Burch and Veley 


1892: 
1893: 
1893: 
1893: 


67 Koch and Willner 
44 Henderson 

46 Daniel 

47 Koch 


Palladium. 


1878: 
1878: 
TST: 
1879: 
1879: 
1887: 
1887: 


57 Beetz 

58 Exner 

59 Herwig 

53 Bottger 

54 Gladstone and Tribe 
57 Streintz 

58 Fromme 


56. ELECTROLYTIC PHENOMENA 


—Dissociation. 


1888: 
1894: 


24 Hampe 
24 Mylius and Fromm 


Platinum. 


1878: 
1878: 


1889: 


13 
: 52 Miesler 
25 


31 Hittorf (chlorid) 
32 Morges (chlorid) 


: 15 Drechsel 
: 33 Bartoli and Papasogli 
: 10 Raoult (chlorid) 

: 15 Drechsel 


(and  palla- 
dium) 


: 16 Bartoli and Papasoegli 
: 12 Foussereau 


(chlorid 
and of rhodium) 
Lehmann (eyanid) 


Walden (chlorid and 
eyanid) 
: 26 Riidorff (chlorid and 


eyanid) 
19 Ostwald (chlorid) 


Osmium tetroxid. 


1876: 
1878: 


60 Bleekrode 
31 Hittorf 


57. ALLOYS. 


GENERAL. 


1826: 
1858: 
1860: 
1875: 
1879; 
1887: 
1894: 
1896: 


asl 

13 Newton 

22 Nicklés 

26 Deville and Debray 

34 Deville and Mascart 

16 Debray 

3 Mylius and Fromm 

5 Roberts-Austen (diffu- 
sion of platinum and 
rhodium) 


with zine. 


1880: 
1882: 


28 Debray (and with lead) 
6 Deville and Debray 
(explosive) 
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with tin. 


1887: 14 Debray 

1887: 15 Debray 
with iron. 

1822: 4 Stodart and Faraday 

1878: 41 Boussingault 
ALLOYS, PLATINUM. 

1755: 1 Lewis 

1817: 8 Clarke 

1817: 9 Clarke 

1817: 14 Cooper 

1821: 9 Murray 

1827: 18 Cooper 

1832: 19 ————— 

1838: 16 Melly 

1847: 25 Mention and Wagner 

1853: 6 Bolley 


1874: 30 Winkler 

1881: 31 Bush 

1887: 22 Osmond and Werth 
(explosive) 

1887: 29 Reinhardt 

1888: 55 Barus 

1890: 62 Le Chatelier 


with potassium. 
1822: 3 Murray 
with copper. 
1797: 2 Mussin-Pusehkin 
1798: 3 Mussin-Pusehkin 
1848: 10 Lyons and Millward 
1873: 18 Hélonis (bronze) 
1885: 26 ————— (brass) 
1886: 21 Paillard 
1887: 16@ Maumené 
with silver 
1796: 1 Lampadius 
1798: 3 Mussin-Puschkin 
1812: 1 Johnson 
1814: 7 D’Arcet 
1829: 16 Lampadius 
1845: 15 Weiger 
1878: 19 von Jtiptner 
1882: 28 Spring 
1884: 32 Strouhal and Barus 
with gold. | 
1796: 1 Lampadius 


1802: 3 

1803: 12 Morveau 
1812: 1 Johnson 
1819: 2 Gilbert 
1824: 2 del Rio 
1828: 16 —————_ 
1845: 15 Weiger 
1878: 19 von Jiiptner 
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1885: 27 Roessler 
1889: 17 Silow 


with zine. 
1819: 6 Fox 
1838: 14 Bottger (and with cad- 
mium) 
with mercury (platinum amal- 
gam) 
1797: Mussin-Pusehkin 
1797 Richter 
1798 Morveau 
1799 Mussin-Pusehkin 
1799: Mussin-Pusehkin 
1799: Mussin-Pusechkin 
1803: Mussin-Pusehkin 


Chenivix 
Vogel 
Schweigger 
Daniell 
5 Daniell 
4 Bottger 
0 Mather 
1836: 4 Dobereiner 
1850: 12 Joule 
1857: 23 Cailletet 
1862: 19 Joule 
1876: 19 Casamajor 
1878: 45 Sabine 
1879: 40 Janecek 
1884: 11 Krouchkoll 
1887: 31 Ostermann and Prip 
1888: 27 Crafts 


with aluminum. 

1822: 3 Murray 
with thallium. 

1894: 19 Heycock and Neville 
with germanium. 

1887: 19 Meyer 


2 
3 
1 
5 
6 
7 
13 
1803: 14 Strauss 
al! 
8 
6 
8 
it 
2 
2 


with tin. 
1819: 5 Clarke 
1819: 6 Fox 


1820: 3 Thomson 
with zirconium, glucinum, ete. 
(earths). ‘ 

1822: 3 Murray 


with lead. 


1819: 4 Clarke 
1867: 14 Deville 
1870: 24 Bauer 
1871: 24 Bauer 
1875: 29 Bauer 
1892: 35 Heycock and Neville 
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with vanadium. 
1831: 25 Berzelius 


with antimony. 


1819: 6 Fox 
1822: 3 Murray 
with iron. 
1775: 1 Morveau 
1820: 7 Stodart and Faraday 
1838: 13 Sch6nbein 
1867: 15 
1875: 3 Deville 
1875: 27 Daubrée 
1876: 20 Billings 
1887: 16a Maumené (and cop- 
per) 
with nickel. 
1814: 8 Lampadius 
1891: 37 ————— (‘ platinid,” 
with nickel, iron and 
arsenic) 
with palladium. 
1886: 26 Pionchon 
with iridium. 
1838: 22 Gaudin 
1859: 6 Jacobi 
1860: 21 Pelouze 
1873: 14 Deville and Debray 
1874: 3. Morin 
1874: 6 Deville, Debray and 
Morin 
1874: 32 Fizeau 
1876: 65 Matthey 
1876: 66 Deville 
1881: 34 Broch, Deville and Stas 
1885: 31 Stas 
1885: 33 Scharnweber 
1885: 45 Tomlinson 
1886: 11 Le Chatelier 
1886: 26 Pionchon 
1888: 41 Klemen¢cié 
1889: 16 Violle 
1889: 41 Le Chatelier 
1891: 33 Heraeus 
1892: 48 Heraeus 


with iridium and ruthenium. 
1885: 30 Bosscha 
PALLADIUM ALLOYS. 
with copper. 
1848: 10 Lyons and Millward 
1886: 21 Paillard 
1887: 30 Houston 
with silver. 
1845: 15 Weiger 


with gold. 

1827: 13 

1845: 15 Weiger 
with mercury. 

1805: 1 Chenivix 

1876: 19 Casamajor 
with lead. 

1871: 24 Bauer 

1892: 35 Heycock and Neville 
with iron. 

1822: 20 Bréant 


InipiuM ALLOYS. 
1829: 17 Lampadius 
1877: 21 Debray 
1879: 4 Matthey 

with mercury. 
1837: 11 Bottger 


OSMIRIDIUM. 
1879: 35 Van Allen 
1882: 5 Debray 
1885: 33 Scharnweber 


RHODIUM ALLOYS. 


1886: 21 Paillard (with copper) 
1827: 19 ————- (with gold) 


58. USE.—General. 


Platinum. 
1798: 5 Rochon 
1800: 7 Rochon 
1828: 17 Erdmann 
1836: 14 Dobereiner 
1836: 15 Trommsdorft 
1836: 16 Pelouze 
1872: 13 
1881: 32 
Palladium. 
1840: 11 
1846: 3 Schmidt and Johnston 
Iridium. 
1881: 4 
1883: 29 Dudley 
1885: 25 


59. PLATINUM CRUCIBLES. 


1786: 1 Morveau 

1802: 6 Chenivix 

1832: 17 Berzelius 

1839: 5 Dobereiner 

1855: 21 Vogel and Reischauer 

1863: 16 Hager 

1865: 10 Stahlschmidt, Sy and 
Wagner 
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1866: 
1868: 
1873: 
1873: 
1874: 
1892: 
1878: 
1888: 
1889: 
1891: 
1894: 


CW vw GC WKH or 


oOoOwno w 
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Wittstein 
Vogel 


5 Stolba 


Mohr 

Smith (gold lined) 
Heraeus (gold lined) 
Gooch 

Morse and Burton 
von Jtiptner 

Warren 

Petrzilka 


Mending crucibles. 
1878: 33 Garside 


1884: 


20 


Seaman 


1885: 28 Pratt 
1885: 29 G. T. H. 
1889: 40 Pratt 


Loss of weight of crucibles. 


1880: 34 Beilstein 
1888: 38 Vieth 


Cleaning crucibles. 
1846: 18 Tonnelier 
1860: 19 Erdmann 
1860: 20 F.G. 
1866: 4 Sonstadt 
1870: 23 Stolba 
1876: 39 Stolba 


Removing melt from crucibles. 


1876: 38 St6éekmann 
1888: 34 de Koninek 


60. PLATINUM VESSELS. 


1785: 
1787: 
Sis 
1790: 
1790: 
1792: 
1813: 
1814: 
1814; 
1821: 
1828: 
1830: 
1831: 
1832: 
1844: 
1870: 
1877: 
1878: 
Filters. 
1857: 
1876: 


LSSiicwe 


Morveau 
Morveau 
Morveau 
Lavoisier 
R. 
Bertholletand Pelletier 
Neumann 
Dobereiner 
Joris 
Seebeck 
D’Arcet 
Faraday 
Stieren 
Bischof 
Pleischl 


Prentice 


Mosander 
Jago 
Casamajor 


1882: 
1882: 
1884: 
1886: 
1888: 


29 
30 


Grosjean 
Casamajor 


21 Gawalovski 


20 
40 


Casamajor 
Lenz 


Combustion tubes. 
USAR By (O65 dis Je Wie 
1876: 36 Herman 
1883: 28 Clemence 
1888: 36 Dudley 


Concentration apparatus for sul- 


1866: 
1872: 
1875: 
1876: 
1876: 
1876: 
1876: 
1876: 
1876: 
1876: 
1877: 
Sake 
1878: 
1878: 
1878: 
1880: 
1880: 
1892: 
1892: 
1892: 
1893: 
1894: 
1892: 
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furie acid. 
Scheurer-Kestner 
Hasenclever 
Scheurer-Kestner 
Bode 
Bode 
Bode 
Kessler 

[Zeman and Fischer] 
Bode 
Lamy 
Bode 
Bode 
Kalbfleisch 
Bode 
Scheurer-Kestner 
Scheurer-Kestner 
Kuhlman 
Heraeus 
Burgemeister 
Lunge 
Siebert 
Lunge 
Weineck (platinum-iri- 

dium) 


Pyrometers. 


1803: 
1825: 
1825: 
SSH 
1862: 
1878: 
1882: 
1882: 
1882: 
1884: 
1888: 
1890: 
1890: 
1891: 
1892: 
1892: 
1895: 
1895: 
1895: 


allt 
20 
21 
28 
i 
47 
31 
32 
33 
23 
43 
45 
46 
35 
53 
55 
37 
38 
43 


Morveau 


Daniell 

Becquerel 

Crova 

Hoadley 

Hoadley 

Hoadley 
Tremeschini 

Braun 

Griffiths 

Callendar and Griffiths 
Callendar 

Callendar 

Griffiths and Clark 
Heyeock and Neville 
Appelyard 

Holborn and Wien 


Coinage. 


1828: 
1860: 
1872: 
1877: 


Wire. 


1823: 
1825: 


1840: 
1877: 


1885: 
1886: 


8 
2 
16 
5 


22 
22 


10 
28 


36 
24 
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Jacobi 
Jouglet 
Karmarsch 


Becquerel 

(strings for 
musicalinstruments) 
Fischer (strings for 
musicalinstruments) 
Gaiffe 
Read (for telescopes) 
Banks and _ Brierley 
(for singeing) 


Miscellaneous. 


1859: 
1885: 
1868: 
1874: 
1809: 
1827: 
1862: 
1876: 


1884: 
1885: 


1885: 
ESO 


1818: 


1866: 


1894: 


1885: 


1890: 


1884: 


1841: 


21 
32 
13 


34° 


3 
20 
8 
51 


24 
33 


34 
39 


12 


20 


33 


37 


44 


22 


20 


Platinum 


1834: 


1862: 
1869: 


16 


24 
26 


Jenzsch (triangles) 
de la Harpe (triangles) 
Forbes (forceps) 
Carmichael (digestor) 
Scott (watch springs) 
Bréant (siphon) 
(standard kilo) 
Luca (lightning-rod 
points) 
Lewis (burner) 
Scharnweber 
holder) 
ra) 
Walter (anti-platinum 
incandescent lamp) 
Gay-Lussae (to prevent 
bumping) 
(plated appa- 


(carbon 


ratus) 

Baker & Co. (catalog of 
apparatus) 

Larroque (palladium 
hydrogen in photo- 
phone) 

Poland (iridium in in- 
candescent lamp) 
Anders (osmium in tel- 

ephone) 

Johnson (iridosmium 
for compass points) 

chlorid. 

Kastner 
printing) 

Hunt (for bronzing) 

Riemann (for indelible 
ink) 


(or “color 


Magnesium platino-cyanid. 


- 1887: 39 Himly, 


Leiser and 
Bardthold (as sym- 
pathetic ink) 


61. ACTION 


62. 


o01 


*“Osmic acid” in microscopy. 


1878: 
1878: 
1879: 
1879: 
1880: 


25 Broesike 
26 Pelletan 
32 Parker 
33 Altmann 
21 Certes 


OF CHEMICALS on 


platinum (vessels) 


1846: 
1811: 


1892: 
1880; 


1800: 


1798: 


1857: 


1874: 


1889: 


1881: 
1845: 


1803: 
1805: 
1811: 
1819: 
1828: 
1828: 
1830: 


:4 Tennant 


19 Faraday 
metals) 

4 Davy 

48 Heraeus 

16 Meyer (sodium 
potassium) 


(platinum 


and 


5: 9 Bischof (caustic potash) 
79; 13 de 


Koninek 
and soda) 
. (potassium 


(potash 


nitrate) 
Morveau 
nitrate) 
2 Tennant (potassium ni- 
trate) 
1 Morveau 
chlorid) 
Bottger 
chlorate) 
Buchner 
nitrate) 


vw 


(potassium 


(potassium 
(potassium 


(ammonium 


7: 7 Vogel (lithia) 


Vauquelin (lithia) 
Kralovanszky (lithia) 
Dittmar (lithia) 
Scheurer-Kestner (sul- 
furie acid) 
Scheurer-Kestner (sul- 
furie acid) 
Reichardt (silicon) 
Warren (silicon) 
Rémont (flame) 
Kastner (protection 
from silica and iron) 


: 9 Claus (caustic potash 


and salpeter on iri- 

dium) 
Heraeus 

iridium) 


48 (platinum- 
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14 Strauss 

3 Stodart 

5 Morveau 

% Howse 

20 Zuber 

21 Labonté and Depuis 
14 Lampadius 
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1840: 9 

1840: 14 
1841: 17 
1841: 19 
1843: 15 
1843: 16 
1850: 14 
1853: 8 

1854: 16 
1855: 18 
1855: 
1856: 16 
1856: 17 
1859: 
1863: 
1864: 
1865: 11 
1866: 
1866: 
1866: 
1867: 16 
1867: 17 
1868: 
1869: 23 
1869: 
1872: 
1874: 
1875: 
1876: 
1877: 
1879: 
1879: 37 
1879: 38 
1879: 39 
1879: 61 
1887: 32 


SUBJECT INDEX 


Bottger 
Smee 
Bottger 
Elkington 
Bottger 


Bromeis 

Jewreinoft 

Savard 

Roseleur and Lanaux 
Bottger 

Landois 

Smee 


Wild 


Magnus 


Thomson 
Bottger 
Church 
Church 
Dodé 


Thompson 
Blain 
Weiskopf 
Bottger 


Clerk and Fawsitt 
Dodé 

Daumesnil 

Stoffel 

Winkler 


Palladium. 


1876: 49 
1876: 50 


Bertrand 
Frantz 


Electro-plating with platinum. 


1862: 16 


1886: 
1887: 35 
1888: 42 
1890: 43 
Iridium. 
1887: 33 
1893: 39 


22 


Becquerel and _  Bec- 
querel 

Thoms 

Bright Plating Co. 

Thompson 


Wahl 


Dudley 
Dudley 


DEPOSITION ON GLAss: platinum. 


1828: 18 
1828: 22 
1829: 24 
1853: 7 

1859: 22 


Erdmann 
Schweigger 
Dobereiner 
Bottger 
Dullo 


1859: 
1859: 


23 
24 


1865: 12 
1865: 13 
1865: 14 
1865: 15 
1865: 16 
1867: 18 
1869: 22 
1869: 25 
1870: 27 
1873: 19 
1873: 20 
1877: 32 
1887: 34 
1888: 44 
1889: 23 


Elsner 

Vasserot (and _ palla- 
dium) 

Salvétat 

Dodé 


Schwarz 
Weiskopf 
Bottger 
Bottger 
Hoffman 
Jouglet 
Dodé 
Rontgen 
Wright 


von Uljanin 


63. PIGMENT for porcelain paint- 


64. 


ing. 

Platinum. 
ASOZ 
1821: 11 
1821; 12 
18222 5 
1828: 24 
1831: 29 
1847: 24 
1849: 
1857: 
1870: 
1875: 
1876: 
See 
1885: 


1887: 
1887: 
1887: 38 
Iridium. 
1821; 12 
1833: 26 


1868: 15 
1885: 35 


1872: 21 
Platinum. 


1856: 14 
1874: 42 
1879: 41 
1879: 42 
1880: 17 
1880: 37 


Klaproth 
Charlton 
Charlton 


Kastner 

St. Amand 
Lidersdorft 
Salvétat 
Miiller 
Schwarz 
Heyl 





(Pflug’s Farbe) 
Kutimmel 
Roessler 

dium) 
Erlich and Storek 
Erlich and Storek 
Schwarz 


(and palla- 


Charlton 
Frick 
Frick 
Roessler 


USE IN PHOTOGRAPHY. 


Merget 


Caranza 
Willis 
Koninek 


Eder 
Fabre 


1881: 
1885: 
1886: 
1887: 
1887: 
1887: 
1887: 
1887: 
1887: 
1888: 
1888: 
1889: 
1889: 
1889: 
1889: 
1889: 
1889: 
1889: 
1889: 
1889: 
1890: 
1890: 
1890: 
1890: 
1890: 
1890: 
1890: 
1890: 
1890: 
1890: 
1891: 
1891: 
1891: 
1891: 
1891: 
1891: 
1892: 
1892: 
1892: 
1892: 


Needham 
Vogel 


Pizzighelli 
Pringle 
Willis 
Bory 


Vidal and Vogel 
Reynolds 


von Brthl 
Schnauss 


Eder 


Crawford 
Mercier 
Pizzighelli 
Liesegang 
Perkins 
Clark 
Gastein 


Lenhard 
Masse 
Blanchard 
Harrison 


Brunel 

Stieglitz 

Hezekiel 

Eder 

Huszar 

Burton 

Eder and Valenta 
Pizzighelli 

Willis 

Nichol 
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Palladium. 


1890: 
1890: 
1891: 
1891: 
1892: 
1896: 


47 Liesegang 

48 Perkins 

48 Fourtier 

49 Pilet 

57 Fourtier 

36 Kelly and Hamley 


Iridium. 


65. 


66. 


1874: 42 Willis 
1889: 36 Mercier 
1890: 47 Liesegang 
1890: 57 Berthiot 
1890: 58 


Osmium. 


1889: 36 Mercier 
1890: 47 Liesegang 


IMITATION OF PLATINUM. 


1830: 17 
1836: 20 


EXHIBITS AT EXPOSITIONS. 


1862: 23 

1863: 1 Marsh 
1863: 4 Tunner 
1867: 2 Wagner 
1873: 4 Raymond 
1874: 4 Beilstein 
1878: 2 —————— 
1894; 31 Lunge 


1895: 3 Andreoli 
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INTRODUCTION. 


Most of the literature of the metallic carbides is of recent date, yet the 
beginnings of the studies upon compounds of carbon with metals take 
us back to the very dawn of the present century, for during its first years 
chemists described such compounds. The relation of carbon to iron in 
steel was said to be that of a true chemical compound as early as 1800, 
and in 1808 Davy prepared the carbide of potassium. At intervals from 
that time to the present new carbides have been described. 

In looking over the old references one cannot but notice that, with few 
exceptions, the carbides described therein are of those metals concerning 
which there is to-day the greatest doubt as to their forming such com- 
pounds at all. For example, about sixty years ago a general method was 
given for forming the carbides of iron, copper, lead, zinc, bismuth, silver, 
tin, and manganese by heating in a retort their sulphocyanides, air being 
excluded during the operation. It was said that sulphide of carbon and 
nitrogen were evolved ; the reactions working parallel to this : — 

Fe(SCN),-+-heat—FeC-+-CS,-N,. 

The preceding list contains at least four elements which are not, at this 
time, supposed to form carbides. Frequent mention of other carbides is 
made in old works on chemistry. In the light of recent investigation 
these seem of doubtful worth, as the compounds mentioned find no place 
in modern works, or else their existence has been denied. Some of these 
old references are given later without comment as to their value, the 
reader being free to accept or reject any of them. ‘ 

In consideration of the interest manifested by chemists recently in this 
class of bodies, it seems that a brief review of the work done to date may 
be of considerable interest to the general reader ; while this, in conjunc- 
tion with the bibliographical references, it is hoped may be of some value 
to the chemical student or investigator. With these two ends in view the 
following pages were compiled. 

The general plan has been to give a very condensed account of the 
methods of preparation, physical and chemical properties of the carbides 
now known, considering them in alphabetical order. Following each 
descriptive portion are the references to the literature bearing thereon. 
The titles of original papers are in most cases given in full, that the scope 
of the article may be judged therefrom. Minor articles and abstracts are 
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also largely given ; in this way the value of the bibliography is increased 
to those who have not ready access to extensive reference libraries, since 
the same matter is referred to as given in various publications, to one or 
another of which most chemists have access. 

Within the last five years the renewed attention of chemists has been 
turned toward this class of compounds, and new carbides have been pro- 
duced in rapid succession. Experiments upon the reduction of metallic 
oxides by means of carbon in an electric furnace have resulted in the pro- 
duction of many of the newly discovered carbides. In studying the litera- 
ture of these compounds, the work of one man is especially noticeable. 
More than to all other chemists together is praise due M. Henri Moissan 
for the untiring energy with which he has investigated the carbo-metallic 
compounds. So often has he astonished chemists with the results of his 
electro-chemical experiments, that new discoveries by him are likely to be 
considered as a matter of course. M. Moissan’s work upon artificial 
diamonds is one of the greatest achievements of science in imitating 
nature’s methods. 

In conducting his experiments Moissan makes use of an electric furnace 
of very simple construction. It consists of a limestone block in the upper 
surface of which is chiseled a rectangular cavity, which is lined with a 
coating of magnesia and of carbon. Through opposite sides of the block 
are inserted stout carbon electrodes, and through one of the other sides 
is an opening through which a carbon tube is inserted. In this tube the 
materials to be heated are placed and thus inserted into the arc. It is 
estimated that a temperature of 4000° is obtained in this furnace. Before 
using the furnace it is covered with another piece of limestone, on the 
lower side of which are layers of magnesia and carbon, which fit into or 
cover the cavity of the lower block. So poorly do these materials conduct 
heat that the hand may be kept on the outside of the furnace for several 
minutes after the current is started. 

The literature of the metallic carbides is as yet confined to periodicals. 
Following the main portion of this paper is given an author’s index, 
together with the elements to the literature of whose carbides each has 
contributed. By referring back to the page upon which such carbides are 
discussed the full references will be found. Below are given a few refer- 
ences having a general bearing upon the carbides. 


Morssan. “Sur un nouveau modéle de four électrique 4 réverbére et 4 électrodes 
mobiles.” C. R. 117, p. 679. 

Morssan. “ Cristallisation du carbon sous l’action d’un dissolvant métallique.” Bull. 
Soc. Chim. (1895) [3] 13, p- 808. 

Matsson. “Sur Ja formation des carbures d’hydrogene gazeux et liquides par l’action 
de l’eau sur les carbures métalliques. Classification des carbures.”” Bull. Soc. Chim. 
(1896) [3], 16, p. 1284, or C. R. (1896) p. 1462, or Ztschr. Elektrochem. (1896) 
P. 134. 

MoIssan (concerning those carbides which are decomposed by cold water). Ann. de 
chim. [7] 9, p. 302; or Chem. Centrbl. (1896) pt. 2, p. 1082. 
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BorcHeErs. “Die elektrischen Ofen zur Metallgewinnung, u.s. w.” Ztschr. Elektro- 
chem. (1896) p. 189 and p. 213. 

AHRENS. “ Die Metallcarbide und ihre Verwendung.” Sammlung chemischer und che- 
misch-technischer V ortrage, vol. I, part 1, 1896. 


With this explanatory introduction the following pages will, it is hoped, 
be clear to all whose interest in the metallic carbides leads them to con- 
sult this, — a bibliographical dictionary of those compounds. 


J. A. MATHEWS. 
CHEMICAL DEPARTMENT, 
COLUMBIA UNIVERSITY, 
January, 1897. 


Nore. — During the period since the manuscript of the present work 
was submitted there has appeared a great deal of original material upon 
the carbides. Especially must be noted a number of books, and the 
addition of these, together with the more important journal references, 
will add very materially to the usefulness of this bibliography. 


Book References; — 

AHRENS. Handbuch der Elektrochemie, Stuttgart, 1806. 

MotssaNn. Le Four électrique, Paris, 1897. 385 pages. 

ZETTEL. Authorized German translation of the above. Berlin, 1897, 360 pages. 

Panaotovic. Calciumcarbid und Acetylen, in Vergangenheit, Gegenwart und Zukunft. 
Leipzig, 1897, 8vo. 

PicteT. L’Acétyléne. Son passé, son présent, son avenir. Genéve, 1896, 8vo. 

PELLISSIER. L’Eclairage a l’acétyléne. Paris, 1897, 8vo. 

PERRODIL. Le carbure de calcium et l’acétyléne. Les Fours électriques. Paris, 
1897, 16mo. 

LEFEVRE. Carbure de calcium et l’acétylene. Paris, 1898, 12mo. 


Fournal References : — 
(AlyC3.) Motssan. Ann. de chim. [7] 9, p. 302. (From CaC2 and alumina) C. R. 
(1897) CX XV, p. 839. 
(BaCs.) BuLirer. Ber. d. chem. Ges. XXVIII, ref. p. 41. 
(CaCz.) Morssan. Nouvelle méthode de préparation des carbures par l’action du 
carbure de calcium sur les oxyds. C. R. (1897) CXXYV, p. 839. 
Yvon. De l’emploi du CaCz pour la préparation de l’alcool absolu. C. R. (1897) 
GXXV, p: 1184. 
Le CHATELIER. Sur les impuretés des carbures de calcium commercial. Bull. Soc. 
Chim. (1897) [3] XVII, p. 793. 
WARREN. (CaC2 as a reducing agent.) Chem. News (1897) 75, p. 2. J. Chem. Soc. 
(1897) LX XII, p. 212. 
(CeCz.) Motssan. Bull. Soc. Chim. (1897) [3] XVII, p. 261. 
(Cr4C and CrgC2.) Morssan. C. R. (1897) CXXV, p. 839. 
(Iron carbides.) HANS FREIHERR VON JUPTNER. Kohlenstoffformen im Eisen, Samm- 
lung chemischer und chemisch-technischer Vortrige, Vol. I, parts 11 and 12 
1896). 
ee Préparation du carbure de fer par union directe de métal et du carbone. 
C. R. (1897) CX XIV, p. 716. Bull. Soc, Chim. (1897) [3] XVIII, p. 540. J. Chem. 
Soc. (1897) LX XII, p. 375. 
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MYLIUS, FOERSTER, SCHOENE. Ueber das Carbid des gegliihten Stahls. Ber. d. chem. 
Ges. (1897) XXIX, p. 2991. Bull. Soc. Chim. (1897) [3] XVIII, p. 531. 

(LaCz.) PETTERSSON. Ber. d. chem. Ges. (1896) XXVIII, p. 2432. 

Motssan. Chem. News (1896) 74, p. 84. Ber. d. chem. Ges. (1897) X XIX, ref. p. 
618. 

(LigCz.) Moissan. Bull. Soc. Chim. (1897) [3] XVII, p. 260. Ber. d. Chem. Ges. 
(1897) X XIX, ref. p. 210. 

Guntz. C. R. (1896) CXXIII, p. 1273. J. Chem. Soc. (1897) LX XII, p. 212. 

(MnsC.) Motssan. Chem. News (1896) 73, p. 141. Ber. d. chem. Ges. (1897) XXIX, 
ref. pp. 266 and 614. C. R. (1897) CXXV, p. 839. 

(MnzC.) Motssan. C. R. CXXII, p. 1462. Ber. d. chem. Ges. (1897) XXIX, ref. p. 
614. C.R. (1897) CXXV, p. 839. 

(SiC.) RINNE. Jsb, f. Mineral. (1897) II, p. 1-27. Chem. Centrbl. (1897) Bd. II, 
Pp- 724. 

Morssan, (From SiOz and CaCz.) C. R. (1897) CXXYV, p. 8309. 
FITZGERALD. (Upon the development of the CSi industry.) J. Frankl. Inst. 143, 
p- 81. J. Am. Chem. Soc. (abs.) (1897) XIX, p. 36. 

(NazgCz.) MarTicNon. Propriétés du carbure de sodium. C. R. (1897) CXXV, p. 
1033. (NaHCz) C. R. (1897) CXXIV, pp. 775 and 1026. Bull. Soc. Chim. [3] 
XVIII, p. 540. 

DE FORCRAND. (Heat of formation.) C. R. (1897) CXXIV, p. 1153. Bull. Soc. 
Chim. (1897) [3] XVIII, p. 726. 

(TiC.) Moissan. C. R. (1897) CXXV, p. 839. (From TiOz and CaCo). 

(WeC.) Morssan. C. R. (1897) CXXV, p. 8309. 

(UreC3.) Moissan. Bull. Soc. Chim. (1897) [3] XVII, p. 12. Ber. d. chem. Ges. 
XXIX, ref. p. 207. 

(VaC.) Motssan. Ber. d. chem. Ges. XXIX, ref. p. 580. Chem. News (1896) 74, 

(ZrCz.) Troost. Ber. d. chem. Ges. XXVI, ref. p. 483. 

(ZrC.) Motssan and LENGFELD. Ber. d. chem. Ges. (1897) X XIX, ref. pp. 343 and 
614. Chem. News (1896) 74, p. 175. 


These additions include the more important contributions to the litera- 
ture of the carbides during 1897, together with a few from the latter part 
of 1896, which, with the main portion of this paper, constitute a nearly 
complete bibliography of these compounds. 


THE AUTHOR. 
March, 1898. 
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Allg. J. Chem. — (Scherer’s) Allgemeines Journal der Chemie (1798-1810). 

Am. Chem. J. — American Chemical Journal (1879-96+). 

Am. Drug. and Pharm. Rec. — American Druggist and Pharmaceutical Record (New 
York). 

Am. Gas-Light J. — American Gas-Light Journal. 

Am. J. Sci. — American Journal of Science (1818-96-++). 

Ann. Chem. — (Wohler and Liebig’s) Annalen der Chemie und Pharmacie (1840-73), 
(and Liebig’s) Annalen der Chemie (1874-—96+). 

Ann. de chim. — Annales de chimie et de physique (1789-1896-+). 

Ann. Mines. — Annales des mines (1817-96-++). 

Ann. der Pharm. — Annalen der Pharmacie (1832-309). 

Ann. Phil. — Annals of Philosophy (1813-26). 

Ann. der Phys. — Annalen der Physik (Gilbert, 1799-1824) and Annalen der Physik 
und Chemie (Poggendorff, 1824-77). 

Ber. d. chem. Ges. — Berichte der deutschen chemischen Gesellschaft (1868—96-+-). 

Bull. Acad. Belg. — Bulletin de Académie Royale des Sciences, des Lettres, et des 
Beaux-Arts de Belgique. 

Bull. Soc. Chim.— Bulletin des Séances de la Societé chimique de Paris (1864- 
96+). 

Chem. Centrbl. — Chemisches Centralblatt (1856-96+-). 

Chem. News. — Chemical News (London). 

C. R.— Comptes rendus hebdomadaires des Séances de Académie de Sciences (Paris, 
1835-96+). 

D. R. P. — Deutsches Reichspatent. 

Jsb. Pharm. — Jahresbericht der Pharmacie. 

Jsb. Chem. — Jahresbericht iiber die Fortschritte der Chemie, u. s. w. (1847-90+). 

J. Am. Chem. Soc. — Journal of the American Chemical Society (1876-96+). 

J. Chem. Soc. — Journal of the Chemical Society (London, — Proceedings, Abstracts, 
and Transactions. 1849-96+). 

J. £. Gasbeleucht. — Journal fiir Gasbeleuchtung. 

J. Frankl. Inst. — Journal of the Franklin Institute (Philadelphia). 

J. Soc. Chem. Ind. — Journal of the Society of Chemical Industry (1882-96+). 

J. prakt. Chem. — Journal fiir praktische Chemie (1834-96+). 

J. I. and S. Inst. — Journal of the Iron and Steel Institute. 

N. J. der Pharm. — Neues Journal der Pharmacie fiir Aertze, u. s. w. (Trommsdorff, 
1817-34). 

Oesterr. J. Berg- u. Hiittenwesen.— Oesterreiches Journal fiir Berg- und Hiitten- 
wesen. 

Phil. Trans. — The Philosophical Transactions of the Royal Society of London (1665- 
1896+). 

Polyt. Centrbl. — Polytechnisches Centralblatt (1825-73). 

Proc. Chem. Soc. — Proceedings, see under Journal of the Chemical Society (London). 
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mevIEW AND BIBLIOGRAPHY Oia E 
METALLIC, CARBIDES: 


ALUMINUM AND CARBON. 


Moissan has prepared a carbide of aluminum (1) from kaolin and 
carbon, and (2) from metallic aluminum and carbon. The method 
employed was to put the Al in a carbon boat and heat for five to six 
minutes in the electric furnace. Hydrogen was passed through the car- 
bon tube of the furnace both during heating and while cooling. A current 
of 300 amperes and 65 volts was used. From this process results a mix- 
ture of Al and Al,C;, The Al,C; consists of yellow, transparent crystals ; 
sp. gr. 2.36 ; decomposed at red heat by Cl or Br, leaving a residue of 
amorphous carbon. Water decomposes it in the cold, thus : — 

C;Al,+-12 H,O=3CH,-+2 Al,(OH),. 


LITERATURE. 


MotssaNn. Préparation d’un carbure d’aluminium cristallisé. C.R. (1894) v. 119, p. 16, 
or Bull. Soc. Chim. [3] 11, p. 1010, or Abs. J. Chem. Soc. (1894) 66, pt. 2, p. 450, 
Chem. Centrbl. (1894) 65, pt. 2, p. 268. See also 

MoissAn. Réduction de l’alumine par le charbon. C. R. (1894) 119, p. 935, oF 
Abs. J. Chem. Soc. (1895) 68, pt. 2, p. 226. 

DEVILLE. Ann. de Chim. [3] 45, p. 15- 

MALLET. Ueber Stickstoffaluminium und die Einwirkung von Aluminum auf Kohlen- 
stoffkalium bei hGher Temperatur. Ann. Chem. 186, p. 155- 


ALUMINUM, BORON, AND CARBON. 


A very refractory substance, to which the formula Al,C,By has been 
given, is interesting because of its great hardness, between corundum 


and diamond. 
LITERATURE. 


Hamper. Ueber das Bor. Ann. Chem. (1876) 183, p. 75. See also 
WOHLER AND ST. C. DeviLLE. Ann. Chem. 101, ps. 113 and 347. 


BARIUM AND CARBON. 


The carbide of barium may be made in the electric furnace in the same 
way as calcium carbide (q. v.). It also results by heating together BaCO,, 
Mg and C according to this reaction : — 

BaCO,-+-3Mg-++-C=BaC;+3Mg0. 
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In the electric furnace either BaCO; or BaO may be employed. BaC, 
forms dark colored crystals, sp. gr.—= 3.75, decomposed by water, 


thus : — 
BaC,-+-2 H,O=C,H,+Ba(OH),. 
At high temperatures the carbides of the alkaline-earths react violently 
with the halogens. 
LITERATURE. 
MAQUENNE. Sur un carbure defini du baryum. C. R. 114, p. 361. 
MAQUENNE. Sur une nouvelle préparation de l’acétylene. C. R. (1892) 115, p. 558. 
BULLIER. Deutsches Reichspatent, 77,168. 
MoIssAN. Etude des acétylures cristallisés de baryum et de strontium. C. R. (1894) 
118, p. 683, or Chem. Centrbl. (1894) 65, pt. 1, p. 856, or Bull. Soc. Chim. [3] 11, 
p- 1007. ’ 


BORON AND CARBON. 


Two carbides of boron have been described, BC or B,C,, and B,C. 
According to Moissan two compounds are formed in the electric furnace, 
one of which is permanent and resists the action of KCl1O,;4-HNO,, while 
the other compound is broken down by this treatment. He has given 
the more stable compound the formula B,C. It is produced when boron 
and certain boron compounds are heated with carbon in the electric fur- 
nace. Black, shining crystals, sp. gr. 2.51, harder than carborundum, and 
with it new facets may be cut upon diamonds. Cl at high temperatures 
decomposes it with deflagration, chloride of boron and carbon resulting. 
Very slowly oxidized at 1000°, it is not acted upon by mineral acids, nor 
by S, P, N, Br, or I. 

Miihlhauser heated together in an electric furnace boric-anhydride and 
carbon. The product he treated twice with hot HCl, then with HF, and 
H,SO,. There remained a graphite-like mass, which by analysis showed 
the composition BC or B,C,. The compound is fusible at a high tempera- 
ture and is decomposed by fusion with alkali. 


LITERATURE (B,C). 


Morssan. Action de l’arc électrique sur le diamant, le bor amorphe et le silicium 
cristallisé. Bull. Soc. Chim. [3] 11, p. 993, or C. R. 117, p. 423, or Abs. J. Chem. 
Soc. (1894) 66, pt. 2, p. 42. 

MolssAN. Préparation et propriétés du borure de carbone. C.R. (1894) 118, p. 556, 
or Abs. J. Chem. Soc. (1894) 66, pt. 2, p. 279, or Bull. Soc. Chim. (1894) [3] 11, 
p- 998. See also , 

Hamper. Ueber das Bor. Ann. Chem. (1876) 183, p. 75. 

WOHLER and St. C. DEVILLE. Ann. de chim. (1858) [3] 52, p. 63. 

(B,C2) MUHLHAUSER. Ztschr. anorgan. Chem. 5, p. 92, or Chem. Centrbl. (1893) 64, 
pt. 2, p. 747, or Abs. J. Chem. Soc. (1893) 64, pt. 2, p. 570. 


CALCIUM AND CARBON. 


In 1862 Wohler gave a method of producing acetylene gas from a com- 
pound of calcium and carbon. This compound was prepared from a Zinc- 
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calcium alloy by heating with carbon. Wohler gave some of the proper- 
ties of the carbide which resulted. In 1893 Travers recorded another 
method of preparing calcium carbide, and in the following year Moissan 
produced it in his electric furnace, both from CaCO, and from CaO heated 
with sugar carbon. About the same time the Willson Aluminum Com- 
pany, in this country, while experimenting upon the reduction of the alkali 
earths by means of carbon, found that carbide of calcium was formed, 
although when first produced the compound was not recognized by them, 
but was considered as a waste product. As soon as its properties were 
learned, Willson took out patents for its production in this country. Bullier 
holds a German patent for the production of Ca-, Ba-, and Sr-carbides, 
although the method patented és said to be of Moissan’s discovery. The 
carbides of calcium and silicon seem thus far to be the only carbides of 
commercial value in themselves. The value of calcium carbide lies in 
its ready decomposition with water, yielding nearly pure acetylene gas, 
which under proper conditions is unexcelled as an illuminating gas. 
When made upon acommercial scale, calcium carbide is produced from 
lime and coke. The cost of production is still rather high, and the chances 
of acetylene gas being generally introduced for lighting purposes in the 
immediate future are not very bright. In time the necessary improve- 
ments may be made which will do away with present difficulties. The 
cost of the electric power is the chief obstacle now. 

CaC, forms in opaque, brownish-red crystals, sp. gr. 2.22. It is quite 
insoluble in most of the ordinary solvents in the cold. Dry hydrogen 
is without action in the cold and seems to be without effect even when hot 
upon the pure calcium carbide. The commercial article may contain 
tarry products which a stream of dry hydrogen will drive out. Air acts 
in about the same way as hydrogen. At a very high temperature a 
sample, submitted to the action ef a stream of oxygen, glows and is partly 
oxidized. 

HCl (gas) decomposes it when hot. Cl and Br at even moderate 
temperatures cause the sample to glow brightly, to swell up, and then tuse 
together. Very slight action in the cold when treated with H,SO,, but 
by heating the action is increased and a gas is evolved which burns with 
a luminous flame. 

With a mixture of H,SO, and K.Cr.O; calcium carbide reacts violently, 
vigorous oxidation taking place. Little or no C,H, is evolved in the 
above reaction. 

With strong HNO, there is an evolution of brown fumes and a gas 
which burns with a smoky flame. Glacial acetic acid slowly decomposes 
it. By fusion with NaOH this carbide is decomposed and a gas is evolved 
which is probably acetylene. At 180°C calcium carbide is decomposed 
by alcohol, thus : — 

2C,H,OH+CaC,=C,H,+(C2H;0),Ca. 
The simple reaction with water is : — 
CaC,-+-2H,O0O—=Ca(OH),+-C,H,. 
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Moist air slowly effects this decomposition. Since it is the decomposition 
product of this carbide which makes it valuable we include below some 
references to acetylene, its properties, production, etc. The equations 
for the production of CaC, are : — 


CaO-+3C=CaC,-+-CO, or 
CaCO,;+-4C=CaC,-++3CO. 


LITERATURE. 


Wouter. Bildung des Acetylenes durch Kohlenstoffcalcium. Ann. Chem. (1862) 124, 
p. 220, or Jsb. Chem. (1862) p. 441. 

TRAVERS. Proc. J. Chem. Soc. (1893) 118, p. 15. 

MorssaNn. Préparation au four électrique d’un carbure de calcium cristallisé ; proprié- 
tés de ce nouveau corps. C.R. (1894) 118, p. 501 ; Bull. Soc. Chim. [3] 11, p. 
1002, or Chem. Centrbl. (1894) 65, pt. I, p. 719, or Chem. Centrbl. (1895) 66, pt. 1, 
P- 947. 

BULLIERS gO nba 7a kOcs 

Wyatt. Calcium carbide, and acetylene. Am. Gas-Light J. (1894) 61, p. 903- 

Wyatt. J. Frankl. Inst. (1895) 139, pp. 72 and 321. 

WEDDING. J. f. Gasbeleucht (1894), p. 253 and p. 273; (1895), p. 242. 

Jones. Am. Gas-Light J. (1895) 63, p. 252. 

MOREHOUSE and DE CHALMONT. J. Am. Chem. Soc. 18, p. 311. 

Wittson. Calcium carbide process, U.S. pat. 541,137, June 18 (1895), and reissue 
LUG WE. 

WILison. Product existing in form of crystalline calcium carbide, U. S. pat. 541,138, 
June 18, 1895. 

WILtson. Method of converting calcium carbide for enriching illuminating gas, U. S. 
pat. 542,320 (1895), or Am. Gas-Light J. (1895) 63, p. 211; see also, U.S. pat. 
545,466, Apr. 1895; 552,027, Dec. 1895; 552,028, Dec. 1895. 

DICKERSON. Process and apparatus for producing acetylene from calcium carbide, 
U.S. pat. 541,526 (1895), or Am. Gas-Light J. (1895). 

CLARKE. For producing calcium carbide, U. S. pat. 551,461, Dec. 17, 1895. 

VENABLE and CLARKE. Some properties of calcium carbide. J. Am. Chem. Soc. 17, 
p. 306, or Am. Gas- Light J. (1895) 62, p. 528, or Bull. Soc. Chim. (1895) [3] 14, 
p- 870, or Abs. J. Chem. Soc. (1895) 68, pt. 2, p. 265. 

FoRGRAND. Chaleur de formation de l’acétylure de calcium. C. R. 120, p. 682, or 
Bull. Soc. Chim. (1895) [3] 13, p- 745- 

KRuUGER. Laboratoriumsversuche iiber CaCg. Ztschr. Elektrochem. (1895) p. 30, also 
p- 111, or Chem. Centrbl. (1895) 66, pt. 1, p. 1105. 

FRANK and WEYL. J. Soc. Chem. Ind. (1895) p. 227. 

Caro. J. Soc. Chem. Ind. (1895) 18, p. 454. 

KRUGER and PucKERT. J. Soc. Chem. Ind. (1895) 18, p. 226. 

WILLGERODT. Ueber die Entfernung des Phosphorwasserstoffs aus dem aus CaC2 
dargestellten C2H», u.s. w. Ber. d. Chem. Ges. (1895) 28, p. 2107. 

LupPKeE. Ztschr. Elektrochem. (1895) pp. 148 and 153. 

LuPKE. Zeitschrift fiir Beleuchtungswesen, I, pp. 99 and 179. 

BREDEL. The Gasworld (London) (1895), p. 2386. 

BREDEL. Ztschr. angew. Chem. (1896) p. 16. 

FROHLICH. Ztschr. Elektrochem. II, p. 165. 

LEWEs. Acetylene and the part it plays in the luminosity of flame. Am. Gas-Light 
J. (1895) 63, p. 42. 

LEWEs. Commercial synthesis of illuminating hydrocarbons. Am. Gas-Light J. (1895) 
62, p. 146. Discussion of preceding paper, Am. Gas- Light J. (1895) 62, p. 182. 

Ztschr. angew. Chem. (1895) pp. 140, 162, 231, 282, 338, 354, 380, and 671. 
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Korba. Acetylene and calcium carbide. Ztschr. Elektrochem. (1896) p. 175. 

PELIsSIER. Ztschr. Elektrochem. (1896) p. 225. 

PELIsSIER. L/’é€clairage électrique (1896), VIII, p. 500, and IX, p. 442. 

GREHAUT. Mélanges explosifs d’acétyléne et d’air. C.R. (1896) p. 832. 

CLARKE. Manufacture of calcium-carbide, U. S. pat. 552,890, and for generating acety- 
lene, U. S. pat. Jan. 14, 1896, 556,736, Mar. 24, 1896. 

Kinc and Wyatt. Apparatus for generating acetylene, U.S. pat. 562,401, June 23, 
1896. 

KinG and Wyatt. Process of forming calcium carbide, U. S. pat. 562,402, June 23, 
18096. 

Kine and Wyatt. Electric furnaces, U. S. pats. 562,400; 562,403; 562,404, June 23, 
1896. 

WILLSoN. (Gas patents, etc.) 553,443, Jan. 21, 1896, and 553,550, Jan. 28, 1896; 
555,198, Feb. 25, 1896. 


CERIUM AND CARBON. 


A carbide of the composition CeC; results by heating cerium formate or 
oxalate in an apparatus from which the air is excluded. When the resi- 
due from this operation is extracted with HCl a compound remains of the 
above composition, which is not soluble even in hot, concentrated acids. 
Many chemists doubt the existence of this compound. 

The carbide which Moissan has produced in the electric furnace has 
the formula Ce,C. It is prepared from CeO, and sugar carbon. It 
forms transparent crystals, sp. gr. 5.23. When acted upon by water it is 
decomposed, evolving C,H;, CH,, C,H,, and the residue extracted with 
ether contains a small amount of fluid and solid hydrocarbons. The 
reaction must obviously be very complex. 


LITERATURE. 


GMELIN. Carbide of cerium (?). Handbook of Chemistry, Vol. III, p. 264 (Watt’s 
translation, 1849). 

BERZELIUS. Lehrbuch der Chemie (1836), III, p. 495. 

DELAFONTAINE. Jsb. Chem. (1865) p. 176. 

PETTERSSON. Supplement to the report of the Royal Academy of Sweden (1895), II, 
2 series, number I. 

Molssan. Préparation et propriétés du carburede cerium. C. R. 122, p. 357, or Chem. 
Centrbl. (1896) 67, pt. 1, p. 686, or Abs. J. Chem. Soc. (1896) 70, pt. 2, p. 422. 


CHROMIUM AND CARBON. 


When chromium is heated in an electric furnace for ten to fifteen min- 
utes with a large excess of carbon, with a current of 70 volts and 350 
amperes, there is produced Cr,C, ; brilliant laminae, greasy lustre, sp. gr. 
5.62, not acted upon by concentrated or dilute HNO, or aqua regia. 
Fused KNO, attacks it vigorously, not so KOH. It is not decomposed 
by H.O, hot or cold. It is harder than the topaz. Somewhat soluble 
in dilute HCl. 

Cr,C obtains as long, shining needle-like crystals which are found upon 
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the surface of ingots of metallic Cr or in cavities existing in such ingots. 
It is harder than quartz; sp. gr. 6.75; melts at a higher temperature 
than Pt. One of the above carbides is also said to result by passing 
CS, vapors over hot Cr. Certain compounds of Fe, Cr, and C are known, 
such as Fe,Cr,C; and CrsFeC,. 


LITERATURE. 


DEVILLE and DEBRAY. (Foot-note) Ann. de chim. [3] 56, p. 408. 

MotssANn. Nouvelles recherches sur le chrome. C. R. (1894) 119, p. 185, or Abs. J. 
Chem. Soc. (1894) 66, pt. 2, p. 452. 

MorssaANn. Bull. Soc. Chim. [3] 11, p. 13, and p. 1or4. 

MorssaNn. Ann. de chim. (1896) [7] 8, p. 559. 

BEHRENS and VAN LINGE. (On the chromium ferro-carbides) Recueil trav. chim. 
Pays-Bas, 13, p. 155, or Abs. J. Soc. Chim. (1894) 66, pt. 2, p. 451. 


COBALT AND CARBON. 


Over thirty years ago Thompson described a compound containing 
about 4% C, which was very hard and brittle, of bismuth color, sp. gr. 
8.43. It was made by heating Co,O; and argol in a closed carbon cru- 
cible for several hours. 

LITERATURE. 


‘THompsoN. Ueber die Fabrication von Kobalt und Nickel. Chem. Centrbl. (1863) 
p. 956, or Le Technologiste (1863) p. 337. 
MoIssANn. (Foot-note) Bull. Soc. Chim. [3] 11, p. 13. 


COLUMBIUM AND CARBON. 


A double compound of columbium carbide and nitride of this compo- 
sition, 3CbC2CbN, has been mentioned by Joly. 


LITERATURE. 


Jory. Sur le combinaisons du niobium et du tantale avec l’azote et le carbone. Bull. 
Soc. Chim. (1876) [2] 25, p. 506, or C. R. 82, p. 506, or Jsb. Chem. (1876) p. 279. 


COPPER AND CARBON. 


An explosive compound to which various formulas have been given 
results by passing acetylene through ammoniacal copper solutions. Very 
little carbon is taken up by direct heating of copper and carbon. _ A little 
copper is said to be taken up in combination during the poling process of 
refining copper. Some very good work has been done recently upon the 
acetylids in this country and England, but with not altogether accordant 
results. The formulas usually given for copper acetylide are C,Cu, and 
C,Cu,+-H,O. See especially Keéser, Am. Chem. J. 14. 


LITERATURE. 


QuUET. (On certain explosive compounds of CuandC.) C.R. 46, p.903, and Ann. 
Chem. 108, p. 116, also 
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Bottcer. Ann. Chem. 109, p. 351. 


Torrey. Jsb. Chem. (1859) p. 222. Sze also, Ber. d. chem. Ges. 21, ref. 609. 
Vivian. Ann. Phil. 21, p. 121. 


Crova. C.R. 55, p. 435, and Ztschr. Chem. Pharm. (1862) p. 598, and J. prakt. 
Chem. 88, p. 124, also Jsb. Chem. (1862) p. 442. 

See Ann. Chem. 118, p. 330, Chem. News, VII, p. 2, and Chem. Centrbl. (1863) 
p- 8o. 

NicKiEs)) ©. R255) p. 5os- 

Brown. J. prakt. Chem. (1839) 17, p. 492. 

KEIsER. Am. Chem. J. 14, p. 285, and Abs. J. Chem. Soc. 62, p- 1416. 


GLUCINUM AND CARBON. 


P. Lebeau describes the preparation of a compound to which he gives 
the formula Gl,C;. Henry advances the formula Gl,C for Lebeau’s com- 
pound. It is prepared by heating for ten minutes a mixture of glucinum 
oxide and carbon (Zuckerkohle) ; the current used was 950 amp., 40 volts. 
With a weaker current a nitrogen-containing compound results. Gl,C, 
forms fine crystals, sp. gr. = 1.9, brownish-yellow color, and resembling 
Al,C; in many of its properties. It is very hard, and by decomposition 
with H,O methane is produced. 


LITERATURE. 


P. LEBEAU. Sur un carbure de glucinum. C. R. (1895) 121, p. 496, or Chem. Centrbl. 
(1895) 66, pt. 2, p. 959, or Abs. J. Chem. Soc. (1896) 70, pt. 2, p. 169, or Bull. Soc. 
Chim. (1895) [3] 13, p. 1065. 

Henry. A propos du carbure de glucinum. C. R. (1895) 121, p. 600, also Bull. Soc. 
Chim. (1896) [3] 15, p. 165. 


IRIDIUM AND CARBON. 


IrC, results by heating thin strips of iridium in the alcohol flame. The 
product forms a velvet-black coating. It is inflammable, and burns, leay- 
ing a residue of Ir. The oxide of Ir heated in the presence of some 
hydrocarbons yields IrC,, with a display of incandescence. (Berzelius.) 


LITERATURE. 

BERZELIUS. Einige nachtragliche Beobachtungen iiber das Ir und das Os. (Pogg.) Ann. 
der Phys. 15, p. 208. 

GMELIN. (Watt’s transl.) Handbook of Chemistry (1849), VI, p. 375. 

BERZELIUS. Lehrbuch der Chemie (1836), III, p. 223. See also, 

Motssan. Sur lasolubilité du carbone dans le rhodium, Viridium, etle palladium. C.R. 
123, p. 16, or Bull. Soc. Chim. (1896) [3] 16, p. 1292. 

MorssAn. Research on the metallic carbides. Chem. News (1896), 74, p. 15. 


IRON AND CARBON. 


The subject of carbon in iron and steel has been extensively discussed, 
but not always from a chemical standpoint. The mechanical effect of 
carbon in iron and steel is studied often without taking into consideration 
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the condition in which that carbon exists ; but the carbides of iron, as 
such, — as definite chemical compounds, have not been so widely written 
upon. ‘The point of view from which the subject is often studied seems 
so different from the view in which the other carbides are here considered, 
that we do not feel justified in going into the literature exhaustively from 
all standpoints, yet the references given below cover a broad consideration 
of the subject. 

A great many compounds of Fe and C have been mentioned by differ- 
ent chemists, but the existence of some of them is doubtful. Some of 
these are Fe.,C, FesC, Fe,C, Fe,;C, Fe.Cz3, and Fe,C, beside some com- 
pounds of three or more elements, such as Fe,(CrMo)sC,, Fe;(CrW)sC, 
and Cr,Fe;C;, and Cr,FeC,. 

Fe,C is a dark-gray, fusible crystalline substance, formed directly from 
Fe and C at a high temperature. The formula Fe,,C has been given to 
high carbon steel. 

Fe;C occurs in all kinds of malleable iron, and remains behind after 
treating the iron with a 10% H,SQ, solution, the operation being con- 
ducted with the air excluded. That the subject of carbon in iron has 
been long studied will be seen from the following references. Many of 
these are of little value to those studying the chemistry of steel, etc., and 
having the advantages of access to the modern reports upon the subject. 
We arbitrarily divide the literature into the old and the recent. 


LITERATURE (OLD). 


GuyTon. Versuche mittelst des Diamanten das geschmeidige Eisen in Guss-stahl zu 
verwandeln. (Gilb.) Ann. der Phys. (1800) 3, p. 65. 

FARADAY and STODART. Versuche iiber die Legirungen des Stahls. (Gilb.) Ann. der 
Phys. (1820) 66, p. 183. 

BERTHIER. Ann. Mines (1833), III, p. 229. 

BERZELIUS. Lehrbuch der Chemie (1836), III, p. 450, and (1844), II, p. 732. 

Brown. J. prakt. Chem. (1839) 17, p. 492. 

KarsTEN. [Fe4C] Ueber die Carburets des Eisens, J. prakt. Chem. (1847) 40, p. 229. 

RAMMELSBERG. [FeC.2] Ueber das Verhalten der Cyanmetalle in der Hitze. Chem. 
Centrbl. (1847) p. 59. 

MARGUERITE. Carburation du fer par contact ou cementation. C. R. 59, p. 139. 

GMELIN. (Watt’s trans., 1849) Handbook of Chemistry, V, p. 202. 

VALERIUS. [FeC, and FegCs] Fabrication de la fonte et du fer (1851), I, p. 41. 

GuRLT. [FegC] Polyt. Centrbl. (1856) p. 366, or Chem. Centrbl. (1856) p. 273, or 
Jsb. Chem. (1856) p. 781, Chem. Gaz. (1856) p. 230. 

TUNNER. Polyt. Centrbl. (1861) p. 1227. 

ARNOLD. [FezggC] Bull. Soc. d’Enc. Ind. Nat. (5) 1, p. 97. 


LITERATURE (RECENT). 


Troost and HAUTEFEUILLE. Etude calorifique sur les carbures de fer et de manga- 
nése. Ann, de Chim. (5) 9, p. 56, or C. R. (1875) 80, p. 964. 

Drown. Condition of carbon in white and gray iron. Trans. Am. Inst, M. Eng. III, 
p. 41. 

PEARCE. Iron and carbon, mechanically and chemically considered. Trans. Am. Inst. 
M. Eng. IV, p. 157. 
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ABEL. Proc. Inst. Mech. Eng. (1883) p. 56, also (1885) p. 30, also Reports of Iron 
and Steel Inst. (1881, 1883). 


Barus and STROUHAL. The electrical and magnetic properties of iron carburets. Bull. 
14, U.S. Geol. Sur. (1885) and School Mines Q. VII, p. 24. 

Barus and STROUHAL. Physical properties of iron carburets. Bull. 35, U. S. Geol. 
Sur. (1886). 

OsMonD and WERTH. Ann. Mines (1885), and Eisen und Stahl (1886), p. 376. 

ABEL. Eisen und Stahl (1886) p. 373. 

MUHLER. Grundzuge einer Theorie des Stahls. Eisen und Stahl (1890), VIII, p- 
201. 

WEDDING. Eisen und Stahl (1891), IX. 

LEDEBUR. Ueber das Benennung des verschiedenen Kohlenstoffformen in Eisen. 
Eisen und Stahl (1888), VIII (Nov.). 
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P- 797- 

LEDEBUR. J. Iron and Steel Inst. (1893) no. 2, p. 53. 

OsMOND. Microscopic metallography. Trans. Am. Inst. M. Eng. (1893) 22, p. 252. 

CuHarpy. Sur le réle des transformations du fer et du carbone dans le phénoméne de 
la trempe. C. R. 118, p. 1258, or Abs. J. Chem. Soc. (1894) 66, pt. 2, p. 420. See 
also p. 451. 

MolssaAn. Deéplacement du carbone par le bore et le silicium dans la fonte en fusion. 
C. R. (1894) 119, p. 1172. 

Motssan. Etudes des graphites du fer. C.R. (1894) 119, p. 1245, or Abs. J. Chem. 
Soc. (1895) 68, pt. 2, p. 220, or Bull. Soc. Chim. (1895) [3] 13, p. 811. 

ARNOLD and READ. The chemical relations of carbon and iron. J. Chem. Soc. 65, 
p. 788, or Bull. Soc. Chim. (1895) [3] 14, p. 5. 

JupTNner. Arten des gebundenen Kohlenstoffs. Oesterr. J. Berg- u. Hiittenwesen, 44, 
p- 211, or Chem. Centrbl. (1896) 67, pt. 1, p. 1094. 

CAMPBELL. A pure carbide of iron. Am. Chem. J. (1806) 18, p. 836. 


See also the following : — 

MENDELEEF. Principles of Chemistry, I, p. 365. 

NERNST. (Palmer’s Trans.) Theoretical Chemistry, p. 146. 

DAMMER. Anorganische Chemie, III, p. 354. 

Prost. Bull. de Académie Royale des Sciences de Belgique, XVI, p. 216. 

MorveEAu and CLover. (Scherer’s) Allg. J. Chem. 4, p. 170. 

HADFIELD. Ironalloys with special reference to manganese steel. Trans. Am. Inst. M. 
Eng. (1893) 23, p. 156. 

DE BENNEVILLE. Two definite carbides of iron with Cr (Mo and W), [Fe7;(CrMo)sC, 
and Fe;(CrW)6C4]. J. Am. Chem. Soc. 17, p. 791, or Chem. Centrbl. (1895) 66, 
pt. 2, p. 1068, or Abs. J. Chem. Soc. (1896) 70, pt. 2, p. 175. 

DE BENNEVILLE. A study of some alloys with iron carbides, mainly tungsten and 
manganese. Jour. of the Iron and Steel Inst. (1896) no. 1. 


LANTHANUM AND CARBON. 


C,La has been made from lanthanum oxide and sugar-carbon. These 
heated for ten minutes in the electric furnace under the action of a cur- 
rent of 350 amp. and 50 volts combine to form yellow crystals, sp. gr. 
5.02. This carbide is decomposed by water, yielding C,H,, CHy, C.Hy, 
and leaving a residue of fixed hydrocarbons. The carbide appears golden 
yellow on a fresh fracture. It is attacked by the atmospheric moisture 
Pettersson gives H, and C,H, as the decomposition products. 
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O. Perrersson. Kohlenstoffverbindungen von den Metallen der seltenen Erden. Ber. d. 
Chem. Ges. (1895) 28, p. 2419, or Chem. Centrbl. 66, pt. 2, p. 960, or Abs. J. Chem. 
Soc. (1896) 70, pt. 2, p. 25. 

Moissan. Etude du carbure de lanthane. C.R. 123, p. 148, or Zeitschr. Elektrochem. 
(1896) III, p. 108, or Chem. Centrbl. (1896), pt. 1, p. 731, or Bull. Soc. Chim. 
(1896) [3] 16, p. 1293. 


LEAD AND CARBON. 


Certain old chemistries mention the existence of a compound of lead 
and carbon. No carbide of lead has been made as yet in the electric 
furnace, and the same is true of tin, bismuth, and gold. 


LITERATURE. 


GMELIN. Handbook of Chemistry (Watt’s translation), V, p. 122. 
JouN. Berlinisches Jahresbericht der Pharmacie (1820) p. 320. 
BERZELIUS. Lehrbuch der Chemie (1836), ITI, p. 361. 

Brown. J. prakt. Chem. (1839) 17, p. 492. 


LITHIUM AND CARBON. 


This carbide has been but recently made. Its formula is Li,C,. LiCO, 
+4C, heated for ten minutes, using a current of 350 amp. and 50 volts, 
will yield it, or with 950 amp. it may be made in four minutes. A higher 
temperature than this current produces in the furnace either volatilizes or 
decomposes this carbide. Li,C, forms shining -crystals, sp. gr. = 1.65 at 
18°C. Decomposed by moist air and water, C,H, being formed. It is 
easily broken up and is not so hard as glass. Burns in the cold in Cl or 
Fl, and by gentle heating in Br or I. Concentrated acids have little 
effect upon it. In hot water the decomposition is quite violent. 


LITERATURE. 


MolssaN. Sur le‘carbure de lithium. C. R. 122, p. 362, or Chem. Centrbl. (1896) 67, 
pt. 1, p. 685, or Abs. J. Chem. Soc. (1896) 70, pt. 2, p. 419. 
MorssAN. Errata se rapportant a cette communication. C. R. (1896) p. 496. 


MAGNESIUM AND CARBON. 


In Dammer’s Anorg. Chem. it is stated that magnesium heated in 
benzol vapors yields a dark mass of this composition, MgC,. No such 
compound has been made in the electric furnace. The reference given 
does not mention a definite compound of Mg and C. 


LITERATURE. 


PARKINSON. Behavior of magnesium with non-metallic elements. J. Chem. Soc. 
(London) (1867) vol. 20, p. 125. 

GMELIN-KRavrT. (?) 

DAMMER. Handbuch der anorganischen Chemie, Vol. II, 2 (1893). 
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MANGANESE AND CARBON. 


Troost and Hautefeuille are the discoverers of the carbide whose for- 
mula is Mn;C. This carbide was also produced by Moissan ; he stated 
that with a current of goo amp. and 50 volts the. reduction is practically 
instantaneous, while with the same voltage and 350 amp. only five to six 
minutes’ heating is necessary. Mn,C has a sp. gr. of 6.89. Fl attacks 
it cold and Cl by gentle heating. It burns in oxygen at a low tempera- 
ture. When decomposed by water there result equal parts of CH, and 
H,. The equation is : — 

Mn;C-+-6H,O=3 Mn(OH),+CH,+- Fy. 
No fluid or liquid hydrocarbons are produced. In some early references 
mention is made of MnC and Mn.C. 


LITERATURE. 


Brown. [MnC] Ueber Kohlenmetalle. J. prakt. Chem. (1839) 17, p. 492. 

GMELIN. [MnzC and MnC] Handbook of Chemistry (Watt’s trans., 1849), IV, p. 
213. 

GMELIN-KraAvuT. [MnCg] (1882) II, 2. 

MENDELEEF. Principles of Chemistry, I, p. 65 (note 19) ; II, p. 112-3. 

Troost and HAUTEFEUILLE. [MnsC] Etude calorifique sur les carbures de fer et de 
manganése. Ann. de chim. (1876) [5] 9, p. 60, or Jsb. Chem. (1876) p. 87, and 
C. R. (1875) 80, p. 964, and Sur les fontes manganésiféres, C. R. (1875) 80, p. 
909. 

ARNOLD and READ. Trans. J. Chem. Soc. (London) (1894) 65, p. 788. 

DE BENNEVILLE. A study of some alloys with iron carbides. J. Iron and Steel Inst. 
(London) (1896) no. 1. 

MoIssAN. Sur la préparation rapide du chrome et du manganése a haute température. 
Bull. Soc. Chim. (1894) [3] 11, p. 13. 

Molssan. Sur le carbure de manganése [MnsC]. C. R. (1896) 122, p. 421, or Bull. 
Soc. Chim. (1896) [3] 16, p. 1266; Abs. J. Chem. Soc. (1896) 70, pt. 2, p. 423, 
and Chem. Centrbl. (1896) 67, pt. 1, p. 741. 


MERCURY AND CARBON. 


A mercury acetylid is formed in several ways. It results as a heavy 
white powder by passing C,H, through freshly precipitated mercuric 
oxide suspended in water. Several days are required to prepare it. Sp. 
gr. == 5.3. Insoluble in H,O, alcohol, and ether. Slowly decomposed 
by gradual heating above 110° into Hg and C. The compound explodes 
by rapid heating or by a blow. Its formula seems: to be 3HgC,+-H,0. 
Keiser gives HgC,. 


LITERATURE. 


PLIMPTON and TRAVERS. Metallic derivatives of acetylene. J. Chem. Soc. (London) 
65, p- 264. See also 

BERTHELOT. Ann. de chim. [4] 9, p. 386. 

BassET. Chem. News, 19, p. 28. 

Keiser. Am. Chem. J. 15, p. 535. See also 

KuTSCHEROW. Ber. d. Chem. Ges. 17, p. 13. 
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MOLYBDENUM AND CARBON. 


Mo.C is best prepared by heating together 5 pts. MoO, and 1 pt. C for 
eight to ten minutes in a carbon crucible. 800 amp. and 50 volts is 
sufficient current. The carbide shows a brilliant, crystalline fracture, 
exhibits easy cleavage; sp. gr. 8.9. If this carbide is heated with an 
excess of molybdenum dioxide, molybdenum is produced, and inversely, 
fused molybdenum readily takes up considerable carbon. 


LITERATURE. 


MolssAN. Préparation au four électrique de quelques métaux réfractaires ; tungsténe, 
molybdeéne, vanadium. C. R.116, p.1225, or Abs. J. Chem. Soc. (1893) 64, pt. 2, 
p. 471, or Bull. Soc. Chim. [3] 11, p. 857. ? 

MolIssaN. Préparation et propriétés du molybdéne pur fondu. C. R. (1895) 120, 
p- 1320, or Abs. J. Chem. Soc. (1895) 68, pt. 2, p. 497, or Bull. Soc. Chim. (1895) 
[3] 13, p. 967. 


NICKEL AND CARBON. 


Nickel and carbon act in many ways like iron and carbon. By heating 
4Ni(CN),-++-3H,O under proper conditions carbon-containing nickel re- 
sults. (See Dammer.) When carbon monoxide is passed over finely 
divided nickel at a temperature between 300° and 350°C, there results 
a black powder consisting of Ni and C, varying with the temperature at 
which the operation was conducted. Ni is said to act in the same way 
with certain hydrocarbon gases. 


LITERATURE. 


DOBEREINER. N. J.der Pharm. [Trommsdorff, 1820 (?)] 4, pp. 1 and 293. 

Ross and Irvinc. Ann. Phil. (1862) p. 149. 

MonD, LANGER and QuINcKE. [Action of CO on Ni] Trans. J. Chem. Soc. (1890) 
vol. 57, p. 749, Chem. News (62) p. 97. 

See also GAUTIER and HALLoPEAU. C. R. (1889) 108, p. IIIT. 

Mond and Lancer. D.R. P. 51,572, 14/6, 1889; Patentblatt (11), p. 356; Chem. 
Centrbl. (1890) II, p. 32. 

MoIssAN (foot-note). Bull. Soc. Chim. (1894) [3] 11, p- 13- 


PALLADIUM AND CARBON. 


According to Moissan palladium forms no carbide in the electric fur- 
nace. Other chemists mention a carbide of palladium. 


LITERATURE. 


WOHLER. Ueber die Wirkung des Palladium auf die Weingeist Flamme. (Pogg.) Ann. 
der. Phys. 3, p.71. See also 

If. B. MILLER. Ann. Phil. 28, p. 20, and 

BERzELIUs. Lehrbuch der Chemie (1836), III, p. 249, and 

Molssan. Sur la solubilité du carbone dans le rhodium, iridium et le palladium. C.R. 
123, p. 16, or Bull. Soc. Chim. (1896) [3] 16, p. 1292. 

Motssan. Research on the metallic carbides. Chem. News, 74, p. 15. 
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PLATINUM AND CARBON. 


No platinum carbide has been produced by Moissan in his electric fur- 
nace. Pt at that temperature takes up some carbon, but upon cooling 
gives it up as graphite and without forming a definite compound. PtC, 
is mentioned in a number of chemical publications, as is also PtS,C. 
This platinum sulphocarbide is produced by leading a stream of H or N 
saturated with CS, vapors over spongy platinum at a temperature some- 
what below dark red heat. The product is black and finely divided, 
neither HCl or HNO, attacks it and aqua regia is almost without effect. 
Heated in a stream of oxygen, SO,, CO,, and Pt result. 


LITERATURE. 

ZEISE. [PtC2] Ueber Acechlorplatin, nebst Bemerkungen uber einige andere Products 
der Einwirkung zwischen Platinchlorid und Aceton. J. prakt. Chem. (1840) 20, 
Pp. 2009. 

GMELIN. (Watt’s trans., 1849) Handbook of Chemistry, VI, p. 146. 

FISCHER. Kastner’s Archiv, 14, p. 148. 

SCHUTZENBERGER. [PtS2C] Sur un sulpho-carbure de platine. C. R. (1890) 111, 
Deru 


POTASSIUM AND CARBON. 


K.C, is formed by the direct action of carbon and potassium at a red 
heat. It is decomposed by water, yielding acetylene. Davy prepared it 
nearly ninety years ago by means of electric heat, and described his pro- 
duct before a London Society in 1808. He made it from graphite and 
potassium by heating them together in a glass tube in an atmosphere of 
hydrogen. The product is described as being somewhat like graphite in 
appearance, infusible at red heat, taking fire in the air, potassium oxide 
being formed and leaving a black residue. Strongly effervescent with 
water, giving off a gas which Davy thought was hydrogen. This is the 
first carbide of which we find record. Davy repeated his experiments, 
using potassium and willow charcoal. 


; LITERATURE. 

Gilb. Ann. (1810) 35, p- 433- 

Davy. Ueber Kohlenstoffkalium und einen neuen Doppelt-Kohlenwasserstoff. Ann. 
der Pharm. (1837) 23, p- 144. 

BERzELIUS. Lehrbuch der Chemie (1836), II, p. 315, and (1844), II, p. 84. 

GMELIN. (Watt’s trans., 1849) Handbook of Chemistry, III, p. 17. 

BERTHELOT. Sur une nouvelle classe de radicaux métalliques composés. Bull. Soc. 
Chim. (1866) V, p. 182, and Ann. Chem. 139, p. 150, and Jsb. Chem. (1866) p. 514. 


RHODIUM AND CARBON. 


Moissan states that the metals of this group, Rd, Ir, Pd, and Pt, form 
no carbides in the electric furnace ; for, while these metals dissolve car- 
bon readily under such conditions, they give it up in the form of graphite 
upon solidifying, no carbide resulting. 
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MorssANn. Sur le solubilité du carbone dans le rhodium, Viridium, et le palladium. 
C. R. 123, p. 16, or Bull. Soc. Chim. (1896) [3] 16, p. 1292; Abs. J. Chem. Soc. 
(1896) 70, pt. 2, p. 609. See also Abs. J. Chem. Soc. (1893) p. 320. 

Molssan. Research on the metallic carbides. Chem. News (1896) 74, p. 15. 


SILICON AND CARBON. 


The compound of carbon and silicon known as carborundum (CSi) is 
of great commercial value, being a good abrasive. Its hardness is between 
that of corundum and the diamond. A compound is mentioned by Colson 
which has the formula C,Si, and a doubtful compound C,Si,Al is also 
mentioned in chemical literature. 

On a large scale carborundum is made from coke and sand, these being 
mixed with salt and sawdust before submitting to the electric heat. The 
charge is put in a long box-shaped furnace surrounding a coarse carbon 
core which extends between the electrodes. These are from six to eight 
feet apart, from one to nine carbons being in each end of the furnace. 
The current passes from eight to ten hours. CSi forms long needle- 
shaped crystals usually of a greenish-yellow color, sometimes blue. It is 
unacted upon by mineral acids, decomposed by fusion with alkalies, and 
oxidizable by PbCrO,. The crystals are infusible except in the electric 
arc. An amorphous product of about the same composition is formed at 
some distance from the carbon core and beyond the zone in which the 
crystalline product is found. 

The patents for making carborundum are owned by Mr. Acheson in 
this country and in a number of European countries. It is found to be 
very useful as an abrasive, and its introduction into the mechanical arts 
has been rapid. 

The di-carbide of silicon, of Colson, is made by passing a stream of 
C,H, or H, saturated with benzine vapors over silicon for several hours. 
The silicon is contained in a porcelain tube and heated to a bright heat 
during the conduction of the gas. SiC, is decomposed by KOH or by a 
mixture of PbCrO, and PbO, but is not acted upon even at red heat by 
acids, oxygen, or chlorine. 

Tetra-silico-carbo-sulphide, SiyC,S, is formed by conducting CS, vapors 
over white-hot silicon contained in a porcelain vessel. Other products 
are produced at the same time, and hence the contents of the dish are 
treated with hot KOH solution, and with HF. After this treatment the 
above compound remains as a greenish powder, decomposable by boiling 
HF, H.S being evolved. It oxidizes to Si,C,O. 

Silicon nitro-carbide (C,Si,N) results when Si is heated in the presence 
of C and N, or in cyanogen, or in the presence of certain carbonaceous 
substances in an atmosphere of nitrogen. 
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Chem. Soc. (1894) 66, pt. 2, p. 42, or Bull. Soc. Chim. [3] 11, pp. 863 and 993. 

Motssan. C. R. (1895) p. 1393, or Abs. J. Chem. Soc. 68, pt. 2, p. 497. 
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P- 933, or Abs. J. Chem. Soc. (1894) 66, pt. 2, p. 42. 

MATHEWS. Carborundum; Its history, physical properties, and chemistry. School 
Mines Q. (N. Y.) (1894) v. 16, or Am. Drug. and Pharm. Rec. (1895) or J. Soc. 
Chem. Ind. (1895) 14, p. 755. 

VOLKMANN. Das Carborundum. Oesterr. Ztschr. f. Berg- u. Hiittenwesen (1894), 42, 
p- 7 and p. ITs. 

BECKE. Beitrag zur Kenntniss der Carborundumkrystalle. Ztschr. Krystall. 24, p. 537, 
or Chem. Centrbl. (1895) 66, pt. 2, p. 959. 

LurRMAN. Siliciumkohlenstoff u. Ferrosilicium. Ztschr. Elektrochem. (1896) ITI, p. 113. 

Morssan. Ann. de Chim. [7] 9, p. 289, or Chem. Centrbl. (1896) pt. 2, p. 1080. 
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Kunz. (Note on hardness) Am. J. Sci. 46, p. 471- 

ROTHWELL. (Statistics of production) Mineral Industry (N. Y. 1893). 

HALLER. L’Industrie chimique (Paris, 1895), p. 332- 

Ztschr. Angew. Chem. (1894) p. 118. 

AcHESON. Electric furnace, U. S. pat. 560,291, May 19, 1896. 

DamMER. (C;7SigAl?) Handbuch der anorganischen Chemie, IT, 1, p. 546. 

Cotson. (C2Si) Bull. Soc. Chim. (1882) [2] 38, p. 56, or Jsb. Chem. (foot-note) 
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CoLson and ScHUTZENBERGER. (C2Si2N) Sur le Silicium. C. R. (1881) 92, p. 1508, 
or Jsb. Chem. (1881) p. 202. 

Cotson. (SigSC4) Sur de nouveaux composés carbosilicies. C. R (1882) 94, p. 1316. 

Cotson. Action du sulfure de carbone sur le silicium. C. R. (1882) 94, p. 1526, or 
Bull. Soc. Chim. (1882) [2] 38, p. 56. 


SILVER AND CARBON. 


Gay-Lussac states that when silver is melted with lamp-black in a cruci- 
ble, about three per cent. of carbon is taken up and Ag,C is formed. AgoC 
results by heating the silver salt of cuminic acid [CsH,(C;H;)(COOAg)], 
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in an open dish. It is a yellowish substance, not decomposed by heat. 
It contains 5.52%C, which remains when this carbide is treated with 
HNO, (Gerhardt and Cahours). 

Ag»C, is said to result by long heating of the silver salt of pyroracemic 
acid (CH;COCOOAg). It is a gray powder of metallic appearance, con- 
taining about 10.51% C. The same compound results from the silver salt 
of maleic acid [C,H,;COOAg),]._ This carbide is produced by passing 
acetylene gas through ammoniacal silver solutions. It is very unstable 
and difficult to work with. See Keiser’s and Plimpton’s work. 


LITERATURE. 

Brown. J. prakt. Chem. (1839) 17, p. 492. 

Ligrpic and REDTENBACHEN. [Age2C] Ueber das Atomgewicht des Kohlenstoffs. Ann. 
Chem. 38, p. 129. 

BEHAL. Bull. Soc. Chim. 49, p. 335, and Ber. d. Chem. Ges. 21, ref. 609. 

BERZELIUS. (Foot-note) Pogg. Ann. der Phys. 36, p. 28. 

GERHARDT and CAHOuRS. (?) 

Gay-Lussac. (?) 

BEREND. [C2Ag2] Ueber einiger neue Derivate des Acetylens. Ann. Chem. 135, p. 
257. 

REGNAULT. (Maleic acid) Untersuchung einiger ihrer Salze. Ann. der. Pharm. 109, p. 
TGs ; 

PLIMPTON. On silver acetylide. Proc. J. Chem. Soc. (1892) p. 109. 

KEIsER. Am. Chem. J. 14, p. 285, or Abs. J. Chem. Soc. 62, p. 1416; see also Ann. 
Chem. 118, p. 330. 


SODIUM AND CARBON. 


C,HNa and C,Na, result by passing acetylene gas over sodium ata 
dark red heat. C,Na, is decomposed by water yielding acetylene. 


LITERATURE. 


BERTHELOT. Sur une nouvelle classe de radicaux métalliques composés. Bull. Soc. 
Chim. (1866) V, p. 182, and Ann. Chem. 139, p. 150, and Jsb. Chem. (1866) p. 514. 

FORGRAND. Chaleur de formation de l’acétylure de sodium. C. R. 120, p. 1215, and 
Bull. Soc. Chim. (1895), [3], 13, p- 996. 


STRONTIUM AND CARBON. 


SrC, forms under about the same conditions obtaining in the produc- 
tion of Ca or Ba carbides. It forms a dark mass, with yellowish fracture ; 
sp. gr-—= 3.19; with dilute acids and water it decomposes, giving off 
chiefly acetylene. Reacts with halogens, oxygen, and sulphur at high 
temperatures, but not with nitrogen, silicon, or boron. Both SrO and 
SrCO; have been used in making SrC., and a current of 350 amp. and 
7° volts employed. 

LITERATURE. 
Motssan. Etude des acétylures cristallisés de baryum et de strontium. C. R. 118, p. 


683, or Bull. Soc. Chim. [3] 11, p. 1007, or Chem. Centrbl. (1894) 65, pt. 1, p. 856. 
BULLIER. D. R. P. 77,168. 
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THORIUM AND CARBON. 


ThC, is made from thorium oxide, the reduction being more easily 
effected than is the case in preparing zirconium carbide from zircon. 
ThC, is decomposed by water, H, and hydrocarbons being formed. 
Moist air, also, slowly decomposes thorium carbide, sp. gr.= 10.15. 
Burns at a red heat. Concentrated acids are almost without action upon 
it. The gases are evolved in about the following percentages: C,H, 
(48.44), CH, (27.69), CoH, (5.64), and Hy (18.23). 


LITERATURE. 


Troost. Sur la préparation du zirconium et du thorium. C. R. 116, p. 1227, or Abs. 
J. Chem. Soc. (1893) 64, pt. 2, p. 473. 

Molssan et ETARD. Sur les carbures d’yttrium et de thorium. C. R. 122, p. 573, or 
Abs. J. Chem. Soc. (1896) 70, pt. 2, p. 422, or Bull. Soc. Chim. (1896) [3] 16, p. 
1271, 


TITANIUM AND CARBON. 


TiC is produced by heating together TiO, and carbon in the electric 
arc, but according to conditions a variety of compounds may result, 
some containing C, Ti, and N. A current of 1000 to 1200 amp. and 70 
volts is required for this reduction. The resulting TiC has a sp. gr. = 
4.25, and occurs either as a crystalline aggregate or a fused mass show- 
ing crystalline fracture. This is treated with HCl to remove titanium. 
The carbide takes fire at red heat, burning with so much heat as to raise 
it to a white heat. One of the combinations of Ti, C, and N that has 
been studied a good deal has this formula Ti,C.N;. Joly considers this 
to be a mixture of TiN, and TiC. It was discovered in the furnace pro- 
ducts from certain titaniferous ores. 


LITERATURE (TiC). 


SCHIMER. Titanium carbide in pig-iron. Chem. News (1887) 55, p. 156, and Ber. d. 
Chem. Ges. 20, ref. 361, and Jsb. Chem. (1887) p. 2522. 

‘VIOLLE. L’industrie électrique (1894), III, v. 568. 

MotssAN. Préparation et propriétés du titane. C.R. (1895) 120, p. 290, or Bull. Soc. 


Chim. (1895) [3] 13, p- 963. 

Concerning the nitro-carbides, etc., see 

WOoLLASTON. Phil. Trans. (1823) p. 400. 

SANDBERGER. Cyanstickstoff-Titan, Pogg. Ann. der Phys. (1851) 83, p. 596, or Jsb. 
Chem. (1851), p. 343. 

WOuLER. Ueber die Natur des metallischen Titans. Ann. Chem. (1850) 73, p. 34- 

WOHLER and DEVILLE. Ueber die Affinitat zwischen Stickstoff und Titan. Ann. 
Chem. (1857) 103, p. 230, or Jsb. Chem. (157) p. 173. See also 

DamMeErR, Handbuch der Anorganischen Chemie. 


TUNGSTEN AND CARBON. 


CW, is made from tungstic acid with an excess of carbon, or in a car- 
bon crucible. The carbon in excess of that required by the formula, 
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CW.,, is given up as graphite on cooling. CW, is an iron-gray compound, 
very hard, not decomposed by atmospheric moisture, and of a sp. gr. = 
16.06. 


LITERATURE. 


MorssAN. Préparation au four électrique de quelques métaux refractoires ; tungstene, 
molybdéne, vanadium. Bull. Soc. Chim. [3] 11, p. 857, and C. R. (1893) 116, p. 
1225, or Abs. J. Chem. Soc. (1893) 64, pt. 2, p. 471. 

MoissAN. Recherches sur le tungsténe. Bull. Soc. Chim. (1896) [3] 16, p. 1289, and 
C. R. 123, II. p. 13, or Ztschr. Elektrochem. (1896) III, p. 109. 


URANIUM AND CARBON. 


Commercial uranium oxide is purified and mixed with sugar-carbon 
and submitted to the action of a current of goo amp. and 50 volts for 
five to ten minutes. The operation is carried on in a carbon crucible. 
C,Ur, is the product ; crystalline ; sp. gr. = 1128 ; harder than quartz but 
not as hard as corundum. This carbide is peculiar in its decomposition 
with water. ‘The reaction must be quite complex, for the products are: 
H;, C.H., CH,, and beside these there are produced hydrocarbons, liquid 
and solid, boiling between 70° and 200°C. Some of these are unsaturated 
bodies which will reduce alkaline silver solutions. After distilling off 
the hydrocarbons mentioned above, a bituminous residue remains. Ur,C; 
burns in FI by gently heating, also in Cl, O, N.O,, and Br, at temperatures 
between 350° and 390°. 


LITERATURE. 
MorssAN. Etude du carbure d’uranium. C. R. 122, p. 274, or Bull. Soc. Chim. [3] 11, 
p. 11, or Chem. Centrbl. (1896) 67, pt. 1, p. 640, or Abs. J. Chem. Soc. (1896) 70, 
pt. 2, p. 364. 
BULLIER and BIGNON. D. R. P. 77,166, and Ztschr. Angew. Chem. (1894) p. 655. 


VANADIUM AND CARBON. 


Vanadium anhydride and sugar-carbon subjected to the action of a cur- 
rent of goo amp. and 50 volts for nine to ten minutes in the electric fur- 
nace yield VaC; a beautifully crystalline compound, sp. gr.= 5.36, 
harder than quartz, attacked by HNO; in the cold. It burns vigorously 
in oxygen at a dull red heat. Becomes incandescent if heated to 500° in 
an atmosphere of Cl. 


LITERATURE. 


Molssan. Préparation au four électrique de quelques métaux réfractoires ; tungsténe, 
molybdéne, vanadium. C. R. 116,p.1225, or Abs. J. Chem. Soc. (1893) 64, pt. 2, p. 
471, or Bull. Soc. Chim. [3] 11, p.. 857. 

Molssan. Etude de la fonte et du carbure de vanadium. C. R. 122, p. 1297, or Abs. 
J. Chem. Soc. (1896) 70, pt. 2, p. 608, or Ztschr. Elektrochem. (1896) III, p. 92, or 
Bull. Soc, Chim. (1896) [3], 16, p. 1278. 
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YTTRIUM AND CARBON. 


Pettersson first made this carbide, YC,. It has a specific gravity of 
4.13. This carbide is golden yellow on a fresh fracture, but remains so 
only a short while, as the moisture of the air attacks it. The halogens 
act upon it in the cold. Readily attacked by acids. Burns in oxygen 
and in the vapors of sulphur and selenium. In making YC} in the electric 
furnace more heat is required than is necessary in the preparation of ce- 
rium carbide. A current of goo amp. and 50 volts effects the reduction 
in about six minutes. Vapors of the metal are given off during the opera- 
tion. Water decomposes it readily, yielding the following gases : — 


C,H, (71. 7%); CH, (19%), C,H, (4.8%), Hy (4-5 %)- 


LITERATURE. 


O. PETTERSSON. Kohlenstoffbindungen von den Metallen der seltenen Erden. Ber. 
d. Chem. Ges. 28, p. 2419, or Bull. Soc. Chim. (1896) [3] 15, p. 101, or Chem. 
Centrbl. (1895) 66, pt. 2, p. 960, or Abs. J. Chem. Soc. (1896) 70, pt. 2, p. 25. 

MotssAn et ErarD. Sur les carbures d’yttrium et de thorium. Bull. Soc. Chim. 
(1896) [3] 16, p. 1271, or C. R. 122, p. 573, or Abs. J. Chem. Soc. (1896) 70, pt. 
Zep; 422. 


ZINC AND CARBON (?) 


A compound of zinc and carbon is of doubtful existence although men- 
tioned in old books on chemistry. 


LITERATURE. 


BERZELIUS (and Gmelin-Kraut), 6th ed. 3, 2, 11. 
GMELIN. Handbook of Chemistry (Watt’s translation) (1849), V, p. 13. 
Brown. J. prakt. Chem. (1839) 17, p. 492. 


ZIRCONIUM AND CARBON. 


ZrC is produced by heating for ten minutes anhydrous ZrO and 
sugar-carbon. A current of 1000 amp. and 50 volts was used by Moissan. 
Gray metallic appearance, scratches quartz, not decomposed by damp air 
at 100°. In this it differs from the thorium compound. Burns brilliantly 
in oxygen at a dull red heat. ZrC, is also known (Troost). 


LITERATURE. 


BERZELIUS. Kohlenstoffzirconium. Pogg. Ann. der Phys. (1825) 4, p. 123. 

GMELIN. (Watt’s trans., 1849.) Handbook of Chemistry, III, p. 343. 

Troost. (ZrC2) Sur la préparation du zirconium et du thorium. C. R. 116, p. 1227, 
or Abs. J. Chem. Soc. (1893) 64, pt. 2, p. 473- 

MoIssaAN. Sur la volatilization de la silice et de la zircone et sur la réduction de ses 
composés par le charbon. C. R. 116, p. 1222, or Abs. J. Chem. Soc. (1893) 64, pt. 
2, p. 532, or Bull. Soc. Chim. [3] 11, p. 863. ° 

MoIssAN and LENGFELD. Sur un nouveau carbure de zirconium. C. R. 122, p. 651, 
or Chem. Centrbl. (1896) 67, pt. 1, p. 887, or Abs. J. Chem. Soc. (1896) 70, pt. 2, 
p. 428, or Bull. Soc. Chim. (1896) [3] 16, p. 1275. 
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